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STATE  OF  NEW  YORK 

DEPARTMENT  OP  FARMS  AND  MARKETS 

Albany,  January  1,  1921. 
To  the  Legislature: 

In  accordance  with  the  provisions  of  the  statutes  relating  thereto, 
I  have  the  honor  to  .transmit  herewith  Annual  Report  of  the 
Department  of  Farms  and  Markets  for  the  calendar  year  1920. 

WILLIAM  E.  DANA, 
President,  Council  of  Farms  and  Markets. 
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REPORT  OF  THE  COUNCIL  OF  FARMS  AND  MARKETS 


To  the  Legislature  of  the  State  of  New  York: 

The  Council  of  Famis  and  Markets  respectfully  submits  to  your 
honorable  body  its  report  for  the  calendar  year  of  1920.  This 
report  contains  a  brief  account  of  the  work  of  the  Council  of 
Farms  and  Markets  in  directing  the  general  policies  of  the  Depart- 
ment. 

During  the  year  1920  the  Council  of  Farms  and  Markets  held 
twelve  meetings,  for  the  determination  of  questions  of  policy  in 
the  administration  of  the  agricultural  and  marketing  laws  and 
the  consideration  of  various  problems  of  agriculture  and  food  dis- 
tribution dunng  the  year.  In  addition  to  these  general  meeting.^ 
the  Council  held  a  hearing  on  proposed  rules  and  regulations  sup- 
plementary to  Article  4-A  of  the  Farms  and  Markets  Law,  relating 
to  cold  storage;  two  conferences  to  consider  problems  confronting 
agricultural  development  and  marketing;  and  a  conference  on 
grading  and  distribution  of  the  season's  crop  of  apples. 

Charles  S.  Wilson  resigned  as  Commissioner  of  Aorriculture  as 
of  date  June  30,  1920,  and  George  E.  Hogue,  Director  of  the  Dairy 
Bureau  of  the  Department,  was  appointed  to  fill  the  vacancv,  effec- 
tive July  1,  1920. 

Seward  A.  Miller  resigned  as  Counsel  for  the  Department  as 
of  date  September  15,  1920.  George  L.  Flanders,  Counsel  for 
the  Division  of  Agriculture,  was  appointed  to  fill  the  vacancy, 
effective  October  1,  1920. 

In  connection  with  the  resignation  of  Commissioner  Wilson, 
the  Council  adopted  the  following  resolutions : 

Resolved,  That  the  Council  of  Farms  and  Markets  accept  the  reflignation 
of  Charles  S.  Wilson  as  Commifisioner  of  Agriculture  with  profound  regret 
that  he  finds  it  impossible,  for  personal  business  rea.«?on8,  further  to  perform 
tlie  required  duties. 

Further  Resolved,  That  the  Council  of  Farms  and  'Markets  express  its 
appreciation  of  the  splendid  service  rendered  to  the  State  of  New  York  by 
Commissioner  Wilson  during  his  term  of  office,  and  the  diligent,  efficient, 
and  constructive  work  which  has  marked  his  administration,  and  especially 
it«  appreciation  of  the  cordial  cooperation  with  which  Commissioner  Wilson 
has  carried  out  the  policies  of  the  Council  since  its  organization. 

The  following  resolution  was  adopted  by  the  Council  in  con- 
nection with  the  resignation  of  Counsel  Miller: 

Resolved,  That  the  New  York  State  Council  of  Farms  and  Markets  accept 
with  regret  the  reaignation  of  Seward  A.  Miller  as  Counsel  for  the  Depart- 
ment of  Farms  and  Markets.  Mr.  Miller's  legal  training  and  efficiency,  his 
tuiform  courtesy,  and  his  admirable  qualities  as  a  man,  have  combined  to 
make  him  a  noost  satisfactory  servant  to  the  State.  We  wish  him  every 
succeM  io  his   new  field  of  servioe. 
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At  a  meeting  of  the  Council  held  on  June  30,  1920,  the  following 
resolutions  were  adopted  unanimously,  all  members  present  voting 
in  the  affirmative: 

WBESBLA-Sf  Under  the  present  law  the  Council  of  Farms  and  Markets  is 
helpless  to  make  certain  desirable  changes  in  the  organization  and  policy 
of  the  Department,  and 

Whekeas,  The  need  for  such  amendments  to  the  present  law  as  will 
properly  enable  the  Council  to  increase  the  etiiciency  of  the  Department  and 
ensure  the  proper  performance  of  the  various  departmental  functions  is 
recognized;  therefore,  be  it 

Resolved,  That  the  President  of  the  Council  appoint  a  committee  of  four, 
of  which  he  shall  be  a  member,  to  recommend  to  the  Council  on  or  before 
October  1,  1920,  such  changes  and  amendments  tu  the  present  law  as  it  may 
deem  necessary  to  make  the  work  of  the  Department  more  elTective  and  to 
perfect  the  organization  of  the  Department;   and  further 

Resolved,  That  such  report,  when  and  as  approved  by  the  Council,  shall 
form  the  basis  for  definite  recommendations  to  the  Legislature  of  1921 
embodying  the  suggested  amendments  to  the  law. 

In  accordance  with  the  above  resolutions,  President  Dana  there- 
upon appointed  Mr.  Pratt,  ,Mr.  Clark  and  Mr.  Howe  to  serve 
with  him  on  such  committee. 

In  the  matter  of  Commissioner  George  Gordon  Battle's  report 
of  his  investigation  of  the  Department  of  Farms  and  Markets, 
Mr.  Pembleton,  at  a  meeting  held  July  16,  1920,  read  the  follow- 
ing report  of  the  committee  thereon,  which  he  submitted  for  the 
Council's  consideration: 

Council  of  Fwrms  and  Markets,  Albany,  New  York: 

Gentlemen.— Your  committee  appointed  to  study  the  Battle 
Report  on  Recommendations,  respectfully  reports  as  follows: 

First:  After  careful  study  of  the  evidence  and  exhibits  in 
relation  to  the  work  and  activities  of  Dr.  Eugene  11.  Porter,  Com- 
missioner of  Foods  and  Markets,  and  especially  in  relation  to  his 
outside  activities,  your  committee  finds  no  evidence  that  his  man- 
agement of  the  Division  of  Foods  and  Markets  was  in  any  way 
adversely  affected  by  such  activities.  There  is  no  evidence  nor 
charge  of  malfeasance  in  office  against  the  Commissioner,  and 
the  burden  of  complaint  seems  to  have  been  based  upon  his  activi- 
ties as  director  of  the  Dairymen's  League  during  the  early  part 
of  his  tenure  of  office.  There  appears  to  have  been  no  neglect  of 
duty  on  the  part  of  the  Commissioner  and  no  evidence  that  any  of 
his  official  acts  were  influenced  or  colored  hy  his  position  as  director 
of  the  Dairymen's  League.  This  position  was  resigned  in  the  fall 
of  1918.  Your  committee  believes  that  the  recommendation  of 
Commissioner  Battle  to  the  Council  advocating  the  removal  of 
Dr.  Eugene  H.  Porter  from  office  as  Commissioner  of  Foods  and 
Markets  is  not  well  founded,  is  not  supported  by  the  evidence  and 
should  not  be  favorably  acted  upon  by  this  Council. 

Second:  With  relation  to  the  charges  of  incompetence  made 
against  Commissioner  Wilson,  your  committee  finds  these  charges 
to  be  based  upon  mere  generalities  and  to  reflect  opinions  rather 
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than  proof  of  incompetence.  Such  charges  appear  to  have  been 
nnfounded  and  certainly  not  proven  and  should  be  disregarded. 
On  the  contrary,  there  is  much  in  the  evidence  to  show  the  active, 
extensive,  and  constructive  work  of  the  Division  of  Agriculture 
under  Commissioner  Wilson. 

Third:  Your  committee  found  no  proof  of  any  malfeasance  in 
office  on  the  part  of  any  one  of  the  employees  of  the  Department, 
and  no  charges  of  such  malfeasance  have  been  made  in  the  report. 

Fourth:  Your  committee  recommends  to  the  careful  study  of 
the  Council  the  recommendations  of  Commissioner  Battle  with 
regard  to  certain  changes  in  the  conduct  of  the  Department,  with- 
out comment  upon  the  merit  of  such  recommendations.  This  is 
a  matter  of  opinion  which  should  be  decided  by  each  member  of 
the  Council  in  the  exercise  of  his  own  judgment,  and  therefore 
your  committee  makes  no  findings  nor  recommendations  in  con- 
nection therewith. 

Eespectfully  submitted, 

J.  Q.  Pembleton. 

Following  -  discussion,  it  was  moved  and  seconded  that  this 
report  be  adopted.  The  motion  was  carried  unanimously,  all 
members  present  voting  in  the  affirmative. 

General  Administrative  Functions 

On  September  14,  1920,  a  hearing  was  held  by  the  Council  at 
Syracuse,  N.  Y.,  in  reference  to  the  proposed  rules  and  regula- 
tions supplementary  to  Article  4- A  of  the  Farms  and  Markets 
Law,  relating  to  cold  storage.  This  hearing  was  held  at  the  request 
of  The  New  York  Poultry  and  Game  Trade  Association  of  New 
York  City,  which  sought  a  revision  of  proposed  Rule  3-a  in  regard 
to  exemptions,  and  also  contended  that  a  supply  house  is  a 
retailer  and  hence  not  within  the  provisions  of  the  law.  After 
careful  consideration  of  the  matter,  and  upon  advice  of  the 
Attorney-General,  the  Council  denied  the  request  for  such  revision 
and  overruled  the  contention  of  the  Association,  adopting  the 
rules  as  proposed. 

In  connection  with  the  appointment  of  Mr.  Flanders  as  Counsel 
for  the  Department,  the  matter  of  placing  all  legal  work  of  the 
Department  under  direct  charge  of  the  Counsel  was  considered 
and  the  following  resolution  adopted: 

Resolved,  That  tJie  Counsel  of  the  Depai-tment  of  Farm^  and  Markets  shall, 
until  further  direction,  supervise  and  direct  the  routine  work  of  the  legal 
service  for  both  divisions  of  the  Department. 

In  July,  1920,  an  order  of  the  court  granting  a  review  of  the 
findings  of  the  Council  in  the  Karakul  Sheep  Case  was  filed  with 
the  secretary  and  individual  members,  such  order  being  returnable 
on  or  before  August  13th.  The  matter  was  left  in  the  hands  of 
the  Counsel  of  the  Department  for  necessary  attention,  and  at  a 
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meetinof  of  thie  Council  held  November  5th,  the  Counsel  was 
directed  to  ask  the  Attorney-General  to  take  an  appeal  from 
the  decision  of  Mr.  Justice  Hinman  to  the  Appellate  Division  of 
the  Supreme  Court. 

Changes  in  Membership 

Mr.  B.  Lincoln  Rockefeller  was  elected  by  the  1920  Lesrislature 
as  a  member  of  the  Council  from  the  Second  Judicial  District, 
to  fill  the  vacancy  caused  by  the  death  of  Mr.  James  H.  Killough. 

Council  oi^  Farms  and  Markets, 

By  W.   E.   DANA, 

Pfsstds  Tit 

Albany,  N.  Y.,  April  11,  1921. 

DIVISION  OF  A0RIGT7LTUBE 

I 

Under  the  direction  of  the  Council  of  Farms  and  Markets,  the  enforcement 
and  the  carrying  out  of  the  provisions  of  the  law  pertaining  to  agriculture 
are  assigned  to  the  vurious  bureaus.  The  bureaus  in  the  Division  are  as 
follows : 

Bureau  of  Dairy  Products 
Bureau  of  Animal  Industry 
Bureau  of  Plant  Industry 
Bureau  of  Farm  Settlement 
Bureau  of  Statistics 
Bureau  of  State  Institution  Farms 
Bureau  of  Accounts 
Legal  Bureau 

Branch  offices  of  the  Division  of  Agriculture  are  located  in  New  York  City, 
Buffalo,  Rochester,  Utica,  and  Cortland.  Through  these  offices,  which  are 
under  the  direction  of  the  Commissioner  of  Agriculture,  the  general  lawfc 
nre  enforced.  The  editorial  work,  preparation  and  distribution  of  bulletins 
of  the  Division  of  Agriculture,  is  in  charge  of  administration  and  comes 
under  the  general  supervision  of  the  Commissioner.  During  1920,  30,000 
bulletins,  ccmtaining  important  information  for  farmers,  were  distributed. 
Reports  and  pamphlets  to  the  number  of  10,000  were  also  distributed. 
In  addition  to  this,  reports  and  information  were  sent  out  for  general 
publication. 

The  following  reports  from  the  bureaus  show  their  activities  in  1020. 


BUBEAU  OF  DAIRY  PBODUCTS 

An  important  function  of  the  Dairy  Bureau  is  the  testing  of  milk  and 
cream  to  determine  the  amount  of  butter  fat,  and  to  furnish  protection 
a$;ainst  the  sale  of  milk  that  is  adulterated  or  that  is  not  up  to  the  standard 
of  butter-fat  content  required  by  law.  The  report  of  this  bureau  shows 
172*360  tests  of  milk  were  made;  that  476  samples  were  taken  and  forwarded 
to  the  department  for  analysis,  in  the  effort  made  by  this  bureau  to  protect 
the  consumer.  The  result  of  this  work  is  shown  in  reduction  to  the  minimum 
of  adulteration  of  milk  offered  for  sale. 

Protection  to  the  consuming  public  ngain'-t  ad  niter  tit  od  or  unclean  milk 
or  milk  products;  the  unlawful  use  of  ojeoninrgiirine  and  other  butter  sub- 
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stitutca;  the  protection  to  farmers  in  the  purchase  of  concentrated  com- 
mercial feeding  stuflfs,  commercial  fertilizers,  and  seeds,  and  in  the  butter- 
fat  te.-t  of  their  milk  find  cream,  comprifie  the  chief  functions  of  the  Bureau 
of  Dairj'  Prodnvts.  Tliis  work  consists  in  surveillance  by  the  representatives 
of  the  department  of  all  plants  and  places  in  the  state  where  milk  is 
received  from  producers  for  the  purpose  of  manufacture  or  for  reshipping 
for  consumption,  and  the  accurate  butter-fat  test  of  samples  of  producer's 
milk  where  teat  is  used  for  the  basis  of  pa3m[ient. 

Article  III  of  the  Agrricultural  Law,  with  the  exception  of  sections  55 
and  61,  the  enforcement  of  which  has  been  assigned  to  this  bureau,  relates 
to  butter,  cheese,  condensed  milk,  and  oleomargarine;  the  use  of  cheese 
brands;  protection,  care,  and  handling  of  milk  and  cream  and  feed  of  cows 
from  which  milk  is  produced  and  sold  to  the  consumer  on  the  markets  of 
the  state:  unclean  milk  receptacles  and  places  of  keeping  milk;  misuse  or 
misappropriation  by  any  person  other  than  the  owner  of  milk  cans  or  bottles; 
unsanitary  conditions  in  cow  stables  and  dairy  establishments;  the  examin- 
ing of  candidates  and  the  issuance  of  licenses  to  test  milk  and  cream  for 
the  butter-fat  content  by  the  Babcock  method;  and  the  mixing  of  animal 
fata  with  milk,  cream,  or  butter. 

Under  article  III  there  have  been  160  advertised  examinations  held  in 
the  different  dairy  sections  of  the  state.  These  are  usually  held  once  a 
month  and  are  advertised  in  the  local  papers,  that  any  wishing  to  take 
the  examination  may  receive  due  notice.  During  the  past  year  there  have 
been  issued  2,432  certificates  for  testing  milk  and  cream  by  the  Babcock 
method,  many  of  which  were  issued  to  women. 


PREPARATION   OF   LISTS 

Under  a  recent  amendment  purchasers  of  milk  or  cream  are  required  to 
prepare  a  list  containini?  the  names  and  numbers  of  the  producers  whofe 
milk  or  cream  hns  been  tested  and  to  place  beside  each  producer's  name  or 
number  the  percentage  of  fat  found  to  have  been  contained  in  the  sample 
of  milk  or  cream  delivered  by  such  producer.  It  is  required  that  su<'h  list 
shall  be  made  with  indelible  pencil  or  ink,  and  shall  be  filed  in  the  plant  or 
place  where  such  milk  or  cream  is  bought  or  received,  and  shall  be  dul; 
signed  by  the  person  making  the  test  and  preparing  such  list.  It  further 
provides  that  such  person  shall  place  beneath  his  si^ature  the  number  of 
his  state  license  under  which  he  is  testing.  Such  list  shall  be  kept  as  a 
record  for  at  least  one  year  and  shall  be  open  for  examination  at  all  times 
to  the  Commissioner  of  Ajrriculture  or  his  duly  authorized  representatives. 
L'^pon  request  of  producer  he  i*?  permitted  to  evamine  sueh  reenrd,  or  such 
part  of  such  record  as  contains  information  concerning  samples  represent- 
ing the  product  delivered  by  such  producer.  Further  provision  is  made  that 
such  test  shall  be  made  only  at  the  plant  or  place  where  the  product  is 
received.  The  Commissioner  of  Agriculture  is  authorized  to  permit  the 
removal  of  such  samples  for  the  purpose  of  testing.  Duplicate  samples  of 
milk  are  to  be  held  ten  days,  cream  to  be  held  one  day. 

Further  provision  is  made  that  on  written  request  of  the  producer  the 
purchaser  or  receiver  of  milk  is  required  to  render  daily  a  ^vritten  statement 
of  the  amount  of  milk  so  received. 

Another  amendment  to  article  III  made  at  the  last  session  of  the  legisla- 
ture provides  that  a  product  known  as  *^  miHc  and  cream  "  when  sold  in  the 
mv'kets  of  this  state  shall  contain  at  least  10  per  cent.  fat. 

A  further  amendment  requires  that  skim  milk  or  whey,  which  are  by- 
products of  butter  factories,  cheese  factories,  and  other  dairy  plants,  if 
returned,  given,  sold,  or  delivered  to  persons  who  may  thereafter  use  the 
same  for  feeding  purpove*,  shall  before  beins:  so  returned,  given,  sold,  or 
delivered,  be  heated  to  a  temperature  of  150  degrees  Fahrenheit.  It  requires 
that  no  skim  milk  or  whey  from  such  plants  shall  be  fed  to  domestic  animals 
until  after  it  haa  been  heated  as  herein  provided. 
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BABGOCK   TEST 

The  enforcement  of  provisions  of  the  statute  covered  by  article  III  requires 
a  large  amount  of  work  on  the  part  of  this  bureau. 

Under  the  new  amendment  it  has  been  found  necessary  to  give  instructions 
in  many  places  relative  to  the  Babcock  test  work  as  well  as  to  other  pro- 
visions of  the  law.  It  has  been  found  necessary  in  some  instances  to  make 
several  visits  to  the  some  plant  for  the  purpose  of  retesting  composite 
samples  of  milk  and  comparing  same  with  the  test  made  by  the  person 
holding  the  licenses  issued  by  this  department  for  testing  milk  or  cream. 
In  all  cases  our  agents  are  required  to  file  a  report  with  this  bureau  show- 
ing result  of  licensee's  test,  as  well  as  agent's  test,  for  such  consideration 
and  action  as  may  be  required.  There  seems  to  be  little  doubt  that  the 
amendment  relative  to  Babcock  testing  will  be  of  great  value  to  the  dairy- 
men of  the  state,  especially  when  it  is  considered  that  the  butter-fat  basis 
for  the  purchase  of  milk  has  been  generally  adopted  throughout  the  state 
as  a  basis  of  payment. 

The  records  of  this  bureau  show  that  during  the  year  approximately 
172',360  lots  of  milk  have  been  tested,  and  476  official  samples  of  milk  have 
been  taken  and  forwarded  to  the  chemist  for  analysis.  This  indicates  a 
close  surveillance  by  the  agents  of  this  department,  and  that  the  adultera- 
tion of  milk  offered  or  exposed  for  sale  has  been  reduced  to  the  minimum, 
and  that  the  consuming  public  has  been  proportionately  safeguarded. 

A  recent  census  compiled  by  this  department  shows  that  milk  and  milk 
products  for  the  year  191^  were  valued  at  approximately  $300,000,000.  Con- 
sidering that  milk  is  so  essential  a  food,  it  will  readily  be  seen  that  the 
enforcement  of  the  statute  against  adulteration  is  of  increasing  importance 
to  the  consumer. 

ADDITIONAL    ACTIVITIES 

Cheese  instructors  of  this  department,  who  are  under  direction  of  this 
bureau,  have  given  instruction  in  the  manufacture  of  cheese  in  New  York 
state.  Each  year  the  work  is  considered  valuable,  owing  to  the  fact  that 
many  factories  have  to  be  operated  by  inexperienced  makers. 

Samples  of  the  product  made  from  skim  milk  and  vegetable  fats  have 
been  taken  and  analvzed  bv  direction  of  this  bureau,  and  in  a  numlber  of 
cases  penalties  have  been  paid.  The  same  has  been  true  of  milk,  cream, 
and  milk  and  cream  mixed. 

An  unusual  amount  of  investigation  and  inspection  has  been  done  at 
reertaurants,  hotels,  and  boarding  houses,  and  at  wholesale  and  retail  stores, 
in  connection  with  law  enforcement  in  regard  to  the  sale  of  oleomargarine. 

Through  its  agents  the  bureau  has  made  during  the  year  a  survey  of  milk 
and  dairy  statistics  in  the  state,  showing  the  production  and  manufacture 
of  milk  and  dairy  products. 

EXHIBITS    PROVIDED 

This  bureau  was  assigned  by  the  Commissioner  of  Agriculture  to  the 
direction  of  the  work  of  the  department  in  connection  with  the  New  York 
Milk  and  Child  Health  Campaign,  held  in  Grand  Central  Palace,  New  York 
City,  during  the  week  of  May  17,  1920.  For  making  an  exhibit  provided 
by  chapter  406  of  the  Laws  of  1920,  $26,000  was  appropriate<i.  In  spite 
of  the  fact  that  only  ten  days  were  given  in  which  to  prepare  this  exhibit, 
it  was  far  more  exten-sive  than  ever  before.  There  are  those  who  feel  that 
this  exposition  exceeded  all  expectations  in  the  educational  value  of  the 
exhibits  themselves,  as  well  as  in  the  attendance  of  many  thousands  of 
children  and  adults  who  visited  the  exposition.  The  department  brought  to 
New  York  City  sixteen  different  exhibits,  as  follows: 

1.  A  library  of  milk  and  agricultural  literature. 

2.  A  display  of  charts  showing  statistics  of  dairy  products. 

3.  A  display  of  cattle  feeds  and  grain,  showing  a  decrease  in  the  amount, 

and  an  increase  in  the  price. 
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4.  A    laboratory,   showing  the   chemical   and   bacteriological   methods    for 

testing  milk. 

5.  A    pictorial   display  of  cattle  breeds  and   thoroughbred   herds   in   New 

York   State. 

6.  A  very  large  exhibit  of  cheeses  of  all  kinds  and  qualities  manufactured 

in  the  state. 

7.  A   display   of   farm  animals,   including  calves   of   every   age   from   one 

month  to  eighteen  months,  pigs,  chickens,  dogs,  and  cats,  contrasting 

animals   miUc-fed  with  those  not  milk-fed. 
S.  Large   chart  and  labels,  indicating  the  number  of  dairy  cows  in  each 

countv  of  New  York  State. 
9.  A   certified   milk  booth  with   stereopticon   displays. 

10.  Several   booths   showing  different  branches  of   plant   industry  in  New 

York  State. 

11.  A  booth  showing  farms  for  sale  in  New  York  State. 

\2.  Model  of   dairy  farm,  milk  factory,  railroad  transportation,  and  milk 
delivery  from  cow  to  consumer. 

13.  A  big  cheese,  weighing  between  three  and  four  tons.  ' 

14.  A  booth  entitled  "  Fountain  of  Youth  "  showing  milk  and  preparations 

which  can  be  made  from  milk  and  its  value  as  a  food  for  young  and 
old. 

15.  Office  and  headquarters  of  the  Department  of  Farms  and  Markets. 

16.  An  organization  series  of  school  contests  in  the  public  schools  of  the 

city   with    daily    performances    in    a    theatre    seating    one    thousand 
children. 

The  above  series  of  exhibits  constituted  tby  far  the  most  important  feature 
of  the  exposition,  and  gave  a  display  which  in  magnitude  and  interest  fai 
excelled  anything  done  by  the  state  in  recent  years. 

The  work  of  the  bureau  under  the  provisions  of  article  III  may  be  given 
in  the  aggregate  as  follows : 

Xuaobcr  of  factory  inspections 1 ,  333 

Number  of  faetones  at  which  Babcock  test  was  being  used 883 

Nomber  of  official  samples  taken: 

Butter 1 

Cheese 27 

Blended  cream 1 

Compoond  evaporated  cream  and  vegetable  fat 1 

Cream 7 

Evaporated  snper  cream 1 

Hebe 1 

Milk 476 

MUk  and  cream 1 

Condensed  milk 5 

Eraporated  milk 20 

Oleomargarine 123 

E-ndenoe  referred  to  Legal  Boreau  on  following: 

Inaeeorate  tests  of  cream,  sec.  33 128 

Milk  standardisation 1 

Wrongjful  use  of  milk  bottles 120 

Wrongful  use  of  milk  cans 2 

Daily  statements  not  given,  sec.  33 103 

Glassware  not  state-branded,  sec.  33 5 

NoD-lioense,  sec.  35-a 6 

Non4ieense,  sec.  46 2 

Sec.  35-a,  provisions  relative  to  Babcock  test 10 

Sec.  45,  sanitary  conditions 1 

Nomber  of  Koenses  issued  under  sec.  35-a 2, 432 

Xumber  of  licenses  issued  under  sec.  45 860 

Number  of  examinations  held 160 

Number  of  cheese  brands  issued 416 


OOHMEBOIAL  FEEDING   STUFFS 

.\rt icle  VII  of  the  Agricultural  Law  defines  concentrated  commercial  feed- 
ing stuff«  and  provides  for  certain  statements  as  to  contents  and  analysis 
to  be  attached  to  packages,  and  that  further  statement  be  filed  with  the 
Commissioner  of  Agriculture.  It  further  provides  that  the  Commissioner  of 
Agriculture  take  samples  for  analysis;    that  analyses  be  made  by  the  Director 
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of  the  Experiment  Station  and  that  license  fee  be  paid  for  each  and  every 
brana. 

The  number  of  certificates  issued,  samples  collected  and  number  on  which 
evidence  was  referred  to  the  legal  bureau,  and  amounts  paid  in  license  fech 
are  shown  in  the  following  table: 

Number  of  feeding  stuflF  samples  colleokd 1 ,  372 

Number  of  feeding  stuff  samples  on  which  evidence  was  referred  to  legal  bureau 258 

Number  of  feeding  stuff  certificates  issued 1 .  2ri4 

Amount  paid  in  license  fees $31 . 350 

During  the  year  there  has  been  prepared  and  forwarded  to  the  director 
of  the  New  York  Agricultural  Experiment  Station  for  publication  in  bulletin 
form  information  relative  to  the  samples  collected  during  the  past  year. 

The  following  table  gives  the  number  of  certificates  issued  for  the  sale 
of  concentrated  commercial  feeding  stufi's  since  1904: 

Year  Certificates  Year  Certificates 

1904 17  1913 574 

1906 193  1914 743 

1906 280  1915 854 

1907 300  1916 1,041 

1908 351  1917 1.050 

1909 430  1918 1.137 

1910 458  1919 1,132 

1911 486  1920 1.254 

1912 614 

Important  amendments  were  made  to  Article  VII  of  the  Agricultural 
liaw  prohibiting  the  sale  of  certain  compounded  feeds  containing  peanut 
shells,  peanut  hulls,  rice  hulls,  rice  chaff,  rice  straw,  humus,  peat,  sphagniun 
moss,  coffee  hulls,  chaff,  sawdust,  sand,  ground  corn  cobs  except  in  corn  and 
corn  meal  unmixed  with  other  materials,  or  ground  cocoanut  shells,  or  any 
substances  injurious  to  the  health  of  animals  or  having  no  feeding  value. 
Amendments  also  provided  for  the  classification  of  roughages,  and  for 
additional  protection  of  importance  to  purchasers  of  such  feeding  stuffs. 

CONSTITUENT    PEBCENTAGE8 

Article  IX  of  the  Agricultural  Law  covers  the  sale  and  analysis  of  com- 
mercial fertilizer,  and  provides  that  there  shall  be  afi^ed  on  tlie  outside  of 
each  and  every  package  containing  commercial  fertilizer  or  material  to  be 
used  as  a  fertilizer,  a  plainly  printed  statement  which  shall  certify  the  name, 
brand,  or  trade  mark;  the  net  weight;  the  name  and  principal  address  of 
the  manufacturer;  and  the  minimum  percentage  of  each  constituent  which 
may  be  contained  therein  as  indicated  in  each  subdivision  thereof. 

This  article  provides  for  the  payment  of  .$20  license  fee  for  each  and 
every  brand  of  commercial  fertilizer  offered  or  exposed  for  sale  in  the 
state;  also  that  a  sample  shall  be  taken  at  least  once  each  year  by  the 
Commissioner  of  Agriculture  and  forwarded  to  New  York  Agricultural 
Experiment  Station  for  analysis. 

The  following  table  is  a  summary  of  the  work  performed  under  Article  IX : 

Number  of  samples  of  commercial  fertilizer  collef^ed 781 

Number  of  samples  of  commercial  fertiliser  on  which  evidence  was  referred  to  the  legal 

bureau .• 71 

Number  of  fertiliser  certificates  issued 1 ,  167 

Amount  collected  in  license  fees $23 ,  340 


Article  X  covers  turpentine  and  linseed  oil.  The  enforcement  of  this 
article  is  for  the  purpose  of  protecting  the  purchaser  against  a:hilteration 
of  tbe«e  produ'^ts.  Under  this  article,  53  samples  of  turpcntiiie  and  34 
Kaniple'  of  In  eel  oi^  vcie  tal  on  and  analyzed,  and  cvitlencc  relutive  thereto 
referred  to  the  I^gal  Bureau. 
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Article  XV  of  the  A«:ricultural  I^w  deftnea  agricultural  seed,  and  pro- 
rides  r^ulations  in  regard  to  their  sale.  This  law  was  amended  by  Chapter 
90  of  the  Laws  of  1920,  which  took  effect  July  1,  1920.  This  was  practically 
a  new  seed  law,  providing  for  the  purity  and  germination  of  seeds  when 
M>ld  within  this  state.  It  is  in  the  interest  of  production  and  is  of  advantage 
to  purchasers  of  such  seed. 

During  the  year  there  were  254'  samples  of  agricultural  seed  collected, 
evidence  relative  to  27  of  which  was  referred  to  the  legal  bureau. 


BUBHAU  OF  PLANT  INDnSTBT 

Insect  pests  and  fungous  diseases  cost  immense  sums  annually  through 
their  inroads  on  fruits,  grains  and  vegetables,  and  injury  to  trees.  The 
Bureau  of  Plant  Industry  is  constantly  on  the  alert  in  its  efforts  to  control 
and  eliminate  these  pests  and  diseases,  and  through  its  agents  and  inspectors 
has  the  whole  state  under  surveillance  so  that  any  new  outbreak  may  be 
apprehended.  This  bureau  has  supervision  of  nurseries  in  the  state  and  has 
under  inspection  8,000  acres  planted  with  nursery  stock. 

Control  of  dangerously  injurious  insects  and  plant  diseai-e^  in  1920  was 
carried  on  without  material  change  in  method  but  some  interesting  develop- 
ments may  be  noted. 

NT7BSERT   INSPECnON 

Inspection  of  the  places  where  nursery  stock,  trees,  etc.,  were  grown  in 
1920  indicates  changes  resulting  from  conditions  following  the  war,  as  shown 
in  the  table  of  comparisons: 

1916  1920 

Numb«r  of  certificates  issued 940  6^ 

Number  of  acres 11.911  8,303 

Number  <rf  vinoyard  certificates 32  2** 

Number  of  fruit  treesin  nurseries 54,483.740  15, ."09.062 

Number  of  oniamentol  trees  and  seedlings 20,378.437  13,043,119 

Number  of  shrubs  and  plants 9.129.665  10 ,  .'^60 , 9.55 

Number  of  grapevines 28,004,347  9,999,722 


SHIPMENT  INSPBCnON 

Approximately  three  thousand  shipments  into  the  state  of  nursery  trees 
and  plants  for  orchard  and  ornamental  plantings  w^ere  made  and  were  found 
free  from  deleterious  insect  pests.  The  number  of  shipments  in  1915  was 
4,347,  showing  a  falling  off  on  account  of  the  war. 

Importations  of  nursery  stock  from  abroad  fell  to  120  shipments  from 
1J49  in  1915.  This  change  resulted  mostly  from  the  effects  of  federal 
quarantines  which  prohibited  all  but  very  limited  importations  from  all 
foreign  countries. 

nrsEcnciDES  and  funoicides 

One  hundred  and  fifty-three  samples  were  collected  on  the  open  market 
and  sent  to  New  York  Agricultural  Experiment  Station  for  analysis  as  pro- 
vided by  the  Agricultural  Law. 

EXJBOPEAN   OORN  BORER 

The  quarantines  placed  by  the  federal  government  to  protect  the  corn- 
growing  states  were  embodied  in  state  quarantines  to  protect  the  remaindet 
of  Xew  York  from  spread  of  the  pest.  These  quarantines  were  enforced  in 
oo-operation  with  Federal  Horticultural  Board,  in  the  two  infested  sections 
of  Sew  York  State,  which  included  the  area  found  infested  near  Buffalo 
and  westerly,  in  the  fall  of  1919.  Evidence  was  accmnulated  which  indicated 
the  potential  damage  to  be  expected  from  the  spread  and  ravages  of  this 
newly  introduced  pest. 
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BBOGD  DISEASES   OF  BEES 

Appropriations  by  the  1920  Legislature  of  $5,000  permitted  the  employ- 
ment of  fifteen  special  inspectors  to  assist  tlie  two  regular  inspectors  in 
regulating  and  cleaning  up  the  two  contagious  diseases  of  bees  which  had, 
owing  to  favorable  conditions,  been  recently  increasing  in  some  of  the 
counties  of  the  state. 

While  the  work  was  not  completed,  much  progress  was  made.  Of  over 
2,100  apiaries  carefully  inspected,  750  were  found  infected  by  disease.  About 
10  per  cent  of  the  40,000  colonies  inspected  were  diseased.  Four  hundred 
apiaries  had  European  foul  brood.  Two  hundred  and  fifty  apiaries  had 
.^nerican  foul  brocxl. 

The  apiary  law  was  amended  in  1920  and  provided  certification  require- 
ments for  moving  or  shipping  bees  and  also  required  assessors  of  the  several 
townships  to  report  to  the  department  the  names  and  addresses  of  bee- 
keepers under  their  jurisdiction.  This  measure  has  proved  of  great  advantage 
to  inspectors  in  locating  colonies  of  bees. 

NBW^  YORK  STATE  APPLE  GRADING  LAW 

From  July,  1919,  to  July,  1920,  3,136  inspections  of  shipments  were  made 
and  formally  reported;   2,959  inspections  were  made  and   reported  between 
July,  1920,  and  January  1,  1921.     Of  these 
5,530  were  up  to  standard 
451  were  discontinued,  after  investigation 
105  violations  were  referred  to  counsel  for  action. 

CO-OPFXATION   AND   EXHIBITS 

During  the  season  of  1920,  public  demonstrations  of  the  Apple  Grading 
Law  were  made  in  co-operation  with  the  farm  bureaus,  agricultural  societies 
and  fairs,  as  follows: 

Cayuga   County  Fair,  at  Moravia 

Columbia   County   Fair 

Dutchess  County  Fair  and  three  other  demonstrations  in  the  county 

Greene  County,  three  days  in  orchards 

Monroe  County,  six  demonstrations 

Oswego  County,  two  days  in  orchards 

Orleans  County,  one  day  at  Albion 

Ontario  County,  one  day  at  Hall 

Wayne  County  Fair,  Palmyra 

Westchester  County,  one  day  with  farm  bureau  orchard  meeting. 

Other  Exhibits 

European  corn  borer,  one  week  at  Hamburg  Fair,  Erie  County. 

Bureau  exhibit  of  specimens  of  deleterious  insects  and  diseases,  including 
such  as  afl'ect  apples,  corn  borer,  et-c.,  at  the  Dairy  Show  in  New 
York  City. 

Same  also  repeated  at  the  State  Fair  in  Syracuse,  to  which  was  added 
a  demonstration  of  the  Apple  Grading  Law. 

Same  also  repeated  at  Poughkeepsie,  at  Fruit  Growers*  meeting  in  Feb- 
ruary, and  at  Rochester. 

INSECTS    AND   DISEASES 

Some  European  insects  menace  New  York  State  to  such  an  extent  that  it 
is  never  known  what  a  season  may  bring  forth  in  the  form  of  depredations. 

Gipsy  moth. —  The  gipsy  moth,  an  insect  that  has  cost  the  New  England 
States  over  fifteen  millions  of  dollars,  and  for  methods  of  suppression  requires 
contributions  in  excess  of  one  million  dollars  annually,  has  appeared  in 
natural  spread  like  an  advancing  army  to  within  twenty  miles  of  the  eastern 
border  of  the  state  of  New  York  in  Vermont. 
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In  the  fall  of  this  year  the  gipsy  moth  was  discovered  in  central  New 
Je^!^ey  and  now  infests  an  area  of  about  one  thousand  square  miles.  It  is 
rea>3onabIe  to  believe  that,  from  these  large  areas  infested  with  gipsy  moths, 
sections  of  the  state  of  New  York  may  at  any  time  become  infested,  either 
by  the  natural  $^pread  or  by  means  of  transportation.  This  is  a  problem 
and  a  menace  that  is  appreciated  by  few  j.eople  outside  of  the  infested 
areas.     Its  importance  is  therefore  s-^ci  ially  emphasized. 

Bratcnrtail  moth. —  Following  the  appearance  of  the  gipsy  moth  in  New 
England,  the  brown-tail  moth  appeared  in  Massachusetts  and  spread  rapidly 
oTer  the  New  England  states.  Owing  to  its  destructive  and  poisonous  nature 
it  caused  much  alarm.  Because  of  scmie  reasons  not  wholly  aecoimted  for, 
the  spread  ceased  and  most  of  the  insects  disappeared,  but  they  are  rising 
again  in  importance;  enough  were  left  over  to  begin  their  career  ot 
destruction. 

EuropetM  com  borer. —  Tlie  several  circulars  issued  by  the  department 
discussed  this  problem  minutely.  It  is  evident  from  the  way  in  which  this 
newly  introduced  corn  pest  from  Europe  is  thriving  under  conditions  in  this 
country  that,  notwithstanding  all  efforts  at  extermination,  the  time  will 
shortly  come  when  restrictive  measures  other  than  quarantines  to  keep  the 
insect  within  its  borders  will  have  to  be  abandoned. 

Recently  imported  insects 

Other  insects  that  should  continue  under  the  sui'veillance  of  the  inspectors 
of  the  bureau  are  the  following: 

The  Oriental  peach  moth,  infesting  increasing  territory  down  the  lower 
Hudson.  This  insect  is  important,  as  it  not  only  injures  the  trees  but  is 
very  destructive  to  fruit  wherever  it  becomes  established. 

Evetria  huoliana,  in  eastern  New  York,  is  found  injurious  to  pine  trees. 

Aporia  crataegi,  having  a  life  history  similar  to  the  brown-tail  moth,  but 
which  theoretically  may  not  l)ecome  as  important. 

The  cherry  ermine  moth,  which  appeared  in  1016,  continues  to  be  a  danger 
in  the  growing  of  nursery  stock  if  not  controlled  by  proper  spraying. 

The  apple  and  thorn  skeleton izer,  an  insect  which  destroys  the  foliage  of 
treefs,  as  indicated  by  its  name,  is  now  infesting  two  counties. 

The  Japanese  beetle,  which  obtained  a  foothold  in  parts  of  New  Jersey 
and  Pennsylvania,  is  proving  very  destructive  to  most  fruit  trees,  and  owing 
to  its  active  flight  is  spreading  very  rapidly  from  year  to  year. 

The  bronze  birch  borer,  which  threatens  the  early  destruction  of  the 
beautiful  cut-leaved  birches  has  appeared  over  the  state. 

DELETERIOUS    DISEASES 

The  rapidity  and  virulence  with  which  fungus  and  other  diseases  attack 
tree*  and  plants  and  spread  to  large  areas  within  short  periods  of  time  is 
indicated  by  the  loss  of  tlie  American  sweet  chestnut,  which  has  become  total 
in  the  eastern  part  of  the  state,  and  unfortunately  is  spreading  throughout 
the  chestnut  belt  of  the  eastern  seaboard.  While  no  remedy  for  the  control 
of  this  disease  has  been  discovered,  its  rapid  spread  emphasizes  the  fact  that, 
whenever  a  new  disease  appears,  it  should  be  placed  imder  immediate  quaran- 
tine with  the  hope  that  it  may  be  kept  within  reasonable  bounds  imtil  an 
approved  remedy  is  discovered. 

The  blister  rust  of  the  pine,  which,  if  permitted  to  spread,  threatens  the 
native  white  pine  and  five-leafed  species.  The  elimination  of  the  blade 
currant  from  the  state  has  undoubtedly  partially  checked  the  spread  of  this 
diseatae.  Additional  efforts  should  l)e  carried  out  to  perfect  methods  of 
control  and  give  to  pine  and  currant  growers  complete  information  to  carry 
on  such  work. 

Powdery  scab  of  the  potato,  an  introduced  disease,  placed  under  restrictions 
by  government  and  state  quarantines,  fortunately  proved  not  a  serious 
dLsease  in  potatoes  in  a  climate  like  New  York. 

The  potato  wart  disease,  which  was  brought  from  Europe  about  the  same 
time,  caused  much  alarm  owing  to  its  destructive  possibilities.    Fortunately 
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it  never  became  established  in  the  state  but  recently  has  appeared  in  Penn- 
sylvania, and  may  be  taken  as  a  warning  that  its  movement  should  be 
watched. 

The  Mosaic  disease  of  potatoes  and  cucumbers  is  under  investigation  by 
the  Pathologist  of  this  Bureau,  who  is  working  out  some  theories  in  co- 
operation with  the  Long  Island  Railroad  Experiment  Station  the  result  of 
which,  it  is  hoped,  may  eliminate  obscure  problems  in  connection  with 
Mosaic. 

The  above  is  a  brief  statement  of  conditions  relating  to  comparatively 
recently  introduced  insects  and  diseases,  but  we  have  in  the  state  the  usual 
number  of  difficulties  to  meet.  A  proper  development  of  our  orchard  industry 
requires  that  known '  destructive  insects  should  be  eliminated  and  that  th^ 
natural  spread  of  fungi  should  be  checked. 


BUREAU  OF  FABM  SETTLEMENT 

The  advantages  of  New  York  State  as  an  agricultural  state  are  set  forth 
by  the  Buretau  of  Farm  Settlement.  This  bureau  advertises  New  Yoilc' 
State  farm  lands  for  sale  or  to  rent;  points  out  to  prospective  purchasers 
their  value  and  the  excellent  marketing  conditions  which  prevail;  and  by 
peopling  farms  which  have  been  practically  unused  brings  about  an  increase 
in  production. 

The  bureau  prepares  a  list  of  farms  for  sale  or  to  rent  in  New  York 
State  with  brief  descriptions  of  each  farm,  which  has  a  wide  circulation, 
throughout  the  country  and  wliich  is  much  in  demand.  Applications  for 
laborers  are  made  to  this  bureau  and  suitable,  reliable,  and  efficient  farm 
hands  are  provided. 

The  loss  of  experienced  farm  labor  during  the  past  year  was  very  damaginir 
to  New  York  State  farming  operations.  To  overcome  as  much  of  this  loss  as 
possible  the  Bureau  of  Farm  Settlement  centered  much  of  its  efforts  in  tr>'ing 
to  supply  this  want,  and  to  create  a  demand  for  farms  in  New  York  by  the 
dissemination  of  information  in  regard  to  its  agricultural  advantages  among 
immigrants  and  other  prospective  farm  purchasers. 

FARM    LABOR 

The  major  portion  of  the  work  of  supplying  farm  labor  was  done  from 
New  York  City,  as  this  seemed  to  be  the  only  place  where  it  was  possible  to 
recruit  any  considerable  number  of  hands.  Using  a  policy  of  rigid  selection, 
only  experienced  help  was  pent  where  such  was  requested;  or,  if  inexperiencetl. 
only  such  as  it  was  believed  would  make  good  on  the  farm.  Valuable  assist- 
ance was  given  by  the  Employment  Department  of  the  Indu^^trial  Commission, 
who  offered  the  use  of  their  extensive  facilities  for  securing  help,  and 
their  cooperation  in  furthering  our  work  was  fully  appreciated. 

Farm  labor  applicants  to  the  number  of  1,704  have  applied  to  this  bureau 
for  positions  on  farms.  A  great  number  of  these  were  inexperienced  but 
willing  to  go  on  farms,  even  if  for  a  short  time ;  part  were  cared  for  in  camps 
of  seasonal  workers.  Eight  hundred  and  fourteen  (814)  laborers  such  as 
milkers,  truckmen,  gardeners,  harvest  hands,  fruit  pickers,  and  packers  — 
573  of  whom  were  inexperienced  or  had  very  little  ex|.erience,  241  having  had 
experience  —  were  sent  to  farms  in  different  parts  of  the  state.  Through  the 
aid  of  the  county  agents  228  men,  both  experienced  and  inexperienced,  were 
placed  with  New  York  farmers. 

FARMS    FOR    SALE 

The  distribution  of  the  bulletin  "  Farms  for  Sale  or  Rent  in  New 
York  "  has  been  greatly  extended  and  it  is  now  widely  sought  after  as  a 
Foiirre  of  reliable  agricultural  information  in  rexrard  to  the  state  of  New 
York.  Much  time  and  effort  was  spent  in  rewriting  and  reorganizing  the 
information  contained  in  the  descriptions  and  general  sections  of  the  publica- 
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tion  so  as  to  have  it  as  reliable  and  complete  as  pos.-iible.  Through  its  wide 
circulation  a  very  preat  increase  in  correspondence  has  resulted  in  regard 
to  farms,  crops,  markets,  seeds,  stock,  machinery,  and  in  fact  almost  every 
qui^^tion  which  nriKcs  in  the  < curse  of  a  suf'ce'*sful  farming  operation.  All 
of  thr-i^e  have  been  answered  by  this  bureau.  Often  the  farms  are  visited  and 
special  recommendations  made. 

The  Bureau  of  Farm  "vSettlemcnt  has  assisted  a  large  number  of  prospective 
bnyers  in  making  intelligent  selections  of  farmf*  that  would  be  best  fitted 
for  their  individual  needs. 

Inve<?tigations  carried  on  by  this  bureau  show  that  farm  buying  in  the 
state  is  regional  —  groups  of  buyers  originate  from-  areas  closely  connected 
and  locate  within  easy  distance  of  each  other  in  New  York.  A  large  number 
come  from  the  middle  western  states. 


VALUE   OF  FARMS    SOLD 

Farm  descriptions  were  published  in  1&20  to  the  numiber  of  4,112.  Of 
these  1.00.3  farms  have  been  sold,  at  a  total  value  of  $5,896,800.  This  record 
contains  only  farms  for  which  the  bureau  furnished  a  means  of  advertising; 
however,  its  elforts  have  resulted  in  a  greater  number  of  sales  of  which 
it  ha<  no  information,  because  through  its  advertising  many  have  been 
induced  to  come  to  the  state,  though  they  have  not  bought  a  listed  farm. 
A  detailed  li&t  of  farms  sold,  by  counties,  is  given  below: 


Comty 

Ar.>any 

AllcsaDy 

Broomr 

Cattar&ujB:  "<.... 

CaroSB 

Chautauqua 

Chemung 

Chpiianco 

Clinton 

Columbia 

Cortland 

Delaware 

Datcfaraa 

Erie 

Eaiex 

Frankl'n 

Fukon 

Genesee 

Grrcne 

Hamilton 

Heridirer 

Jeffrraon 

Leww 

Livingston 

Madtion 

Monroe 

Montgomery ... 
Niasara 


No.  fa'-ms  No.  farms 

s.iM  Va!  le                          County                    sold  Value 

22  $111,000  Oneida 52  $309,400 

IK  05.800  Onondaga 31  217,000 

26  118.900  Ontario 10         54,100 

27  150.600  Orange 29  194.300 

24  178.600  Orleans 3        23.400 

49  330,400  Oswego 20  05,800 

8  28.300  Otsego 25  101 ,  100 

3S  148,200  Putnam 4  44.500 

0  40,500  Rensselaer 10  05,000 

29  173.600  Rockland 1         12,000 

22  117.400  St.  Lawrence 18  100.600 

33  177.000  Saratoga 32  142,700 

22  12S,300  Schenectady 5         17.900 

18  120.000  Schoharie 27  02,600 

9  68.000  Schuyler 18  71.000 

10  69,200  Seneca 6  62,500 

8  20,200  Steuben 12  50,800 

U  134.200  Suffolk 4  41,000 

18  83,2(K)  SulUvan 18  82,700 

1  2,700  Tioga 20  69,800 

9  75,600  Tompkins 29  106.400 

20  160,000  Ulster 24  139,700 

22  100, 100  Warren 11  28.600 

15  116.600  Washington 18  67,200 

2'»  139.800  Wayne 12  101,000 

11  150.700  Westchester 4  45,500 

9  40,400  Wyoming 13  00,800 

18  103. on  Yates 10  69,300 


There  were  soM  by  a  New  York  city  representative,  10  farms  with  a  value 
of  $56,500. 

In  addition  to  the  above  14  farms  not  described  in  the  1920  bulletin,  were 
?old,  with  a  val'io  of  963,100. 

Total  number  of  farms  sold 1,027 

Total  value  of  farms  sold $6,016,400 

Fully  75  per  cent  of  all  farms  sold  in  this  state  can  be  traced  directly  to 
our  farm  bulletin.  Approximately  60  per  cent  of  ih?Fe  sales  were  to  western 
farmers  who  hrin^  improved  farm  machinery  and  tools  and  till  the  soil  far 
better  than  the  average  New  York  State  farmer,  tlicrcby  larrr<*ly  increasing 
the  products  of  the  state. 
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Several  times  a  week  during  the  year  we  visited  the  consular  agents,  steam- 
ship agencies,  and  different  iramigration  centers  in  order  to  obtain  an  idea 
of  the  nature  and  classification  of  our  aliens.  The  data  and  information  in 
general  are  as  follows:  There  arrived  at  the  port  of  New  York  during  the 
year  1920  up  to  and  including  December  29,  404,346.  Of  this  number  190,896 
were  females  and  74,370  were  under  sixteen  years  of  age;  136,920  remained 
in  NeAv  York  City.  Approximately  35,000  of  these  had  had  some  training  in 
European  agriculture  and  the  largest  part  of  them  were  bound  for  theii 
friends  in  the  western  states.  Less  than  1  per  cent  of  those  who  remained  in 
New  York  City  could  be  called  skilled  in  farming  operati/)ns. 

Remained 
in  New 
Clasaification  Arrived    York  City 

Ttalians  (who  make  up  the  largest  part  coming) 93, 200  37, 430 

Poles 48.460  27.380 

Jews 75.666  44,076 

Spaaiardfi 28, 176  11,945 

Orientals  (so-called  Asiatic  subjects) 21 , 285  9, 145 

Hungarians 18.815  7.474 

Slavonians  (either  Czecho-Slovaks  or  Jugo-Slovaks) 18. 255  9, 145 

Roumanians 20.950  9,600 

Greeks 20. 189  8.970 

Scandinavians 13, 180  2.092 

Other  nationalities* 46. 171  11 .773 


*  England,  France,  Portugal,  Germany,  Belgium,  Baltic  provinces  and  Balkan  states,  Hindus- 
tan ana  West  India. 

IMMIGRATION 

There  have  departed  from  the  port  of  New  York  during  the  year  1920  up 
to  and  including  December  20,  180,650  persons  clasped  as  immigrants-,  though 
quite  a  number  are  citizens  or  declarants  who  obtained  passports  through 
the  Departjuent  of  State,  Washington,  D.  C.  Of  this  number  24,800  were 
females  and  3,714  were  children  under  16  years  of  age.  A  large  number  of 
these  people  had  accumulated  large  sums  of  money  during  the  war  by  employ- 
ment in  various  mercantile  and  industrial  occupations  and  wished  to  return 
to  their  native  homes  to  aid  in  reconstruction.  Because  of  very  unfavorable 
conditions,  however,  many  are  desirous  of  returning  to  the  United  States  and 
they  offer  an  important  field  for  the  work  of  farm  settlement. 

After  a  thorough  study  of  the  questions  of  immigration  and  emigration  it 
is  apparent  that  the  proper  time  to  promote  farm  settlement  work  is  not  at 
the  time  of  entrance  to  the  country  but  at  a  period  considerably  later.  When 
the  immigrant  arrives  in  this  country  he  is  without  money;  his  destination 
is  already  fixed  and  he  is  suspicious  of  a  stranger  who  tries  to  change  it. 
After  being  in  this  country  for  some  time  he  has  usually  accumulated  some 
capital;  has  been  affected  somewhat  by  American  ideas  and  principles;  and 
knows  more  of  the  country,  its  language,  and  business  adaptability.  In  the 
city  of  New  York  there  are  located  a  very  large  number  of  societies  and 
organization  made  up  of  foreign-born  peoples  who  are  banded  together  either 
for  mutual  aid  or  because  of  mother  country  ties.  It  is  at  these  places  that 
the  former  immigrants  spend  their  spare  time  or  await  passage  out  of  the 
country.  This  is  the  point  to  begin  the  farm  settlement  work,  as  the  delay 
in  securing  ocean  transportation  and  other  resulting  delays  make  them  very 
impatient;  they  can  then  easily  be  induced  to  stay  here,  and  the  placing  of 
New  York  State  farms  in  a  favorable  light  should  result  in  many  becoming 
New  York  State  farmers. 
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BUBEAU  OF  ARIMAL  DTDTOrTBT 

Tk*  «radicatioii  of  boriae  tubereuloui  it  ia  the  iaterett  of  public  boftlUu 
The  work  of  the  Burean  of  Animal  Xndnetry  for  a  dean  milk  snpply  and 
dean  herda  by  teating  and  elimination  of  tuberenlar  cattle  oonatitntea  a  aafe- 
(urd  asainat  diiease. 

The  actlTitiefl  of  the  Bureau  of  Animal  Industiy  have  their  foundation  in 
those  provisions  of  statute  pertaining  to  the  foUowing: 

1.  Infectious  and  communicable  diseases  of  dcmicstic  aninmis  and  shipping, 

slaughtering,  and  selling  of  veal  for  food— Cbapter  311,  Laws  ol  1919, 
as  amended. 

2.  The  licensing  of  stallions  and  breeding  of  horses — Chapter  322,  Laws 

of  1916.  ^ 

3.  The  licmsing  of  dogs  tind  protection  of  domestic  animals  therefrom^* 

Chapter  707,  Laws  of  1920,  as  amended. 

4.  Protecting  the  breeding  of  pure4»red  stock  —  Section  321,  Chanter  114, 

Laws  of  1918. 
Preliminarr    to    the    information    hereinafter    presented  —  attenti<m    is 
directed  to  the  two-fold  function  of  this  Bureau,  namely  Animal  HuaUmdry 
and  Animal  Diaeaae  Eradication. 

ANIMAL  HUSBANDRY 

The  prevailing  enormous  demand  for  New  York  State  cattle  for  foundation' 
herda  in  other  states  and  foreign  countries,  denotes  the  present  satisfactory 
condition  of  the  live-stock  industry  in  the  Empire  State.  This  condition  is 
in  striking  contrast  to  the  situation  existing  some  four  or  five  years  ago 
when  many  of  our  sister  states  were  maintaining  munst  New  York  State 
live  stock,  regulations  detrimental  to  onr  animal  industry. 

The  increased  number  and  value  of  the  pure-bred  live  stock  in  our  state, 
has  proportionately  added  to  the  exacting  duties  and  responst>ilities  of  this 
Bureau,  to  the  end  that  the  work  of  live  stock  sanitation  miffht  be  effectively 
performed  and  every  known  scientific  agency  employed  whidi  would  tend  to 
safeguard  against  disease  and  any  condition  damaging  to  this  industry. 
During  this  year  the  state  is  fortimate  in  having  experienced  no  extensive 
outbreak  of  acute  infectious  disease  menacing  the  live  stodc  in  a  ooominnity. 

Remarkable  progress  has  been  made  in  bovine  tuberculosis  control  and 
eradication  under  the  Accredited  Herd  Plan  as  carried  on  in  cooperation 
with  the  Federal  Government.  In  connection  with  the  aocompUshments  of 
the  year  along  these  lines,  attention  is  directed  to  the  pronounced  sentiment, 
common  to  breeders  throughout  the  state,  in  favor  of  clean  herds,  and  a 
consequent  clean  milk  supply;  also  to  the  fact  that  aU  of  the  work  done 
has  been  in  response  to  voluntary  requests  of  the  breeders  themselves.  It 
will  therefore  be  seen  that  a  moet  favorable  foundation  has  been  laid  for 
the  elimination  of  tuberculosb  from  the  herds  of  this  state. 

Ab  herds  have  necessarily  been  depleted  by  the  destruction  ol  diseased 
meoAers,  this  bureau  has  been  called  upon  to  aid  in  restocking  with  animals 
of  a  desirable  type,  tuberculosis-free;  and  one  of  the  most  important  features 
of  the  accredited  herd  work  is  the  guarding  against  re-contamination  of  thoee 
herda  from  which  the  known  diseased  members  have  been  eliminated, 
that  more  young  stock,  particuhirly  females,  be  raised;  that  public  live-stock 

TbA  Bureau  has  continued  to  urge  that  pure-bred  sires  repiaos  scrub  sires; 
that  more  young  stock,  particularly  females,  be  raised;  that  public  Hve-stoek 
exhibits  be  stimuhited  and  encoursged;  that  the  importance  of  selecting 
desirable  types  of  cattle,  sheep,  horsesy  and  swine  be  recognised;  and,  in 
short,  to  exert  its  influence  in  behalf  of  all  activities  making  for  the  promo- 
tioB  and  up-building  of  the  live  stock  population  of  our  commonwealth. 

Stattion  BnroUmmt 

Number  of  pwe-bred  ataUions  enrolled 454 

Komber  of  sCandanl  bred  fltalliona  enrolled 48 

Nomher  of  iMm-etMidsrd  bred  stallions  enrolled SB 

Nombcr  of  ende  eUllioiie  enroned 330 

Knsber  of  Mntb  ttaffione  enrolled loo 

Tbesl 944 
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Licennna  of  Boot 

Number  of  doss  reported  by  boards  of  aBseesors  and  police  departments  of  the  various 
towns  and  oities,  outside  of  Greater  New  York. 258.703 

Number  reported  as  licensed: 

Dogs 217,970 

Kennels 136 

Total  amount  odlected  for  fees  in  licensing  of  dogs $404. 284  04 

Amount  realised  from  the  sale,  and  fees  for  redeeming,  of  dogs  seised  because  not 
licensed 3.742  25 

Total $468.026  20 

Disposition  of  these  funds  was  as  follows: 

Retained  by  cities  for  police  pension  fund $25, 734  06 

Sent  to  Bute  Treasurer 820.870  85 

Sent  to  county  treasurers  by  town  and  dty  clerks 112, Oil  08 


During  this  period,  1941  claims  were  passed  upon  for  payment  amounting 
to  $125,022.21  as  damages  alleged  to  have  been  done  by  dogs  to  domestic 
animals  and  fowls. 

ANIMAL  DISEASE  ERADICATION 

So  rapid  has  been  the  growth  of  the  accredited  herd  woric  in  response  to 
the  demand'  of  the  breeders  that  it  has  been  impossible  to  mark  ita  progrese 
in  absolute  figures  with  the  small  amount  of  time  that  could  be  devoted  to 
the  compiling  of  statistics. 

The  intradermic  method  of  testing  for  tuberculosis,  adopted  in  this  state 
in  ti^e  case  of  first  tests  of  herde  in  counties  carrying  on  ''free  area  work" 
is  largely  responsible  for  the  pronounced  increase  in  the  number  of  cattle 
examined  this  past  fiscal  year  as  against  eorresponding  figures  for  the  pre- 
ceding year  when  approximately  24,000  animals  were  examined. 

Otsego,  Essex,  Cattaraugus,  Chautauqua,  and  Allegany  counties  are  doing 
free  area  work.  This  means  that  these  counties  have  resolved  to  test  every 
herd  therein  and  remove  the  diseased  animals;  and  to  accomplish  this  result 
in  the  least  possible  time  some  of  them  are  hiring  a  county  veterinarian  to 
devote  his  entire  time  to  this  work. 

FVequent  conferences  have  been  held  between  the  various  mutually  inter- 
ested agencies  engaged  in  furthering  this  campaign. 

In  the  interest  of  safeguarding  public  health  and  from  the  standpoint  of 
economy,  the  necessity  of  eradicating  bovine  tuberculosis  has  been  recognized. 
During  the  past  year  the  accredited  herd  plan  has  been  unanimously  approved 
as  of  practical  value  to  the  live  stock  industry. 

Approximate  number  of  cattle  examined  for  tuberculosis  ^mvately  and  officially)  67, 500 

Approximate  number  rejected  as  tuberculous 8,050 

Per  cent  rejected  (approximately) 12 

Number  officially  condemned  by  the  state 6.465 

Number  of  localised  cases 5, 378 

Number  of  omeralised  cases ^ 612 

Number  of     No  lesions  *'  cases 445 

Total  appraisal  value $1,213,050  00 

Average  appraisal  value SloO  00 

Totalindemnity $506,857  94 

Average  indemnity $78  00 

NumMr  of  herds  luUy  accredited 48 

Number  of  herds  whieh  have  passed  one  successful  test 243 

Approximate  number  hwds  under  State  and  Federal  supervision 1 ,000 

OLAin>iiais 

Approximate  number  horses  examined  for.  glanders  in  Greater  New  York  City  and 

vicinity .'..,;....:"..?. .    .     8, 2^ 

Number  condemned,  appraised  and  slaughtered 125 

ToUl  appraised  value $11,342  50 

Total  indemnity ®  •  ^JJ  25 

Average  indemnity • 76  00 


Annual  Rbfobt  21 

HOO  GHOUBA 

Nwnber  oatbreakB  inTesticated 81 

Number  deaths  recorded  in  connection  with  theae  outbreaks . .  .'.'.'.  [  858 

These  cases  oecurred  in  the  following  counties:  Allegany,  Bronx,  Chau- 
tauqua, Delaware,  Erie,  Kings,  Livingston,  Monroe,  Nassau,  Niagara,  Ontario, 
Orange,  Orleans,  Otsego,  Putnam,  Saratoga,  Schuyler,  Sullivan,  Suffolk, 
Ulster,  Westchester,  and  Yates.  o  ^  .  , 


Number  outbreaks  investicated 13 

Number  deaths  recorded  in  connection  with  these  outbreaks. . .  62 

These  cases  occurred  in  the  following  counties:  Cattaraugus,  Clinton, 
Delaware,  Erie,  Genesee,  Oneida,  and  St.  Lawrence. 

BLAGKLIO 

Niunber  outbreakto  inyesticated q 

Number  deaths  recorded  in  connection  with  these  outbreaks  ...*.'  19 

These  eases  occurred  in  the  following  counties:  Herkimer,  Oswego,  Otsego, 
St.  Lawrence,  and  Sullivan. 

8EFEICASMIA  HAEMOBBHAGiICA 

Number  outbreaks  investicated 1ft 

Number  deaths  recorded  in  connection  therewith 400 

These  cases  occurred  in  the  following  counties:  Bronx,  Cattaraugus,  Chau- 
tauqua, Cortland,  Delaware,  Erie,  Franklin,  Jefferson,  Oneida,  Ontario,  Put- 
nam, Suffolk,  Wayne,  and  Westchester. 


Investigations  were  made  by  this  department  relative  to  rabies  in  the  fol- 
lowing counties:  Cattaraugus,  Erie,  Heiicimer,  Monroe,  Montgomery, 
Niagara,  Orange,  Orleans,  Rensselaer,  Rockland,  Westchester,  and  Wyoming. 
It  was  found  necessary  to  quarantine  geographical  areas  in  Cattaraugus, 
Monroe,  Montgomery,  Cirleans,  Rockland,  Westchester,  and  Wyoming  counties. 
In  connection  with  these  outbreaks  67  deaths  from  rai)ie8  in  domestic  animals 
other  than  dogs,  are  recorded. 

MANOE 

Investigations  for  mange  in  cattle  have  been  made  in  Cortland,  Delaware, 
Herkimer,  Oswego,  and  Wyoming  counties.  It  was  found  necessary  to  quar- 
antine several  herds. 

SWAMP  FEVEB 

Approximately  75  cases  of  this  disease  in  St.  Lawrence  County  have  been 
reported  and  investigated  by  this  office. 

VKAL   INSFECnON 
Number  of  seiauree 867 

These  consisted  of  48  live  calves,  785  carcasses,  and  34  parts  of  carcasses. 
NoTX. — All  statistics  hereio  set  forth  are  for  the  fiscal  year  July  1,  1919,  to  June  30,  1920. 

BUBEAU  OF  STATE  INSTITUTiaN  FASHS 

The  Bmeaii  of  State  Institution  Farms  has  charge  of  the  4a  state-owned 
faxnia  connected  with  37  state  institutions.  These  farms  not  oidy  provide 
healthful  occupation  for  patients  in  the  institutions  and  provide  fresh  farm 
prodiicta  for  the  consumption  of  the  inmates,  but  are  also  models  for  the 
guidance  of  farmers  who  seek  information  with  regard  to  advanced  farming 
methodi. 

The  chief  work  of  the  Bureau  of  State  Institution  Farms  is  directing  the 
maftagemeiit  of  the  42  state-owned  farms  connected  with  the  37  state  institu- 
tions and  institution  sites,  as  provided  by  Article  2,  Section  12,  of  the 
Agricultural  Law. 

Representatives  of  this  Bureau  have  visited  these  farms  and  the  Bureau 
has  made  recommendations  in  regard  to  their  management,  the  one  idea  in 
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mind  being  to  improve  and  develop  the  farms  to  the  grutest  extent  and  to 
produce  th«  most  food  poasible  totrard  the  nMiiiit«nMice  of  the  imiutes  of  tli« 
various  institutionu  and  thus  reduce  the  per  capita  cost. 

The  purpose  of  the  farms  ii  two-foJd :  to  provide  a.  varfetv  of  liealthfui 
work  fltted  to  the  patients  in  various  de^eea  of  phyaical  and  mental 
capacitv,  and  to  provide  fresh  farm  products  at  a  reasonable  price.  Durii^ 
the  3'ear  ending  Decemter  31,  lOiO,  these  farms  produced  farm  products  to 
the  value  of  S),fiB8,064.  The  average  daily  population  of  these  institution* 
for  the  year  1920  was  60,240. 

During  the  year  ending  Deecmber  31,  1920,  the  total  production  of  milk 
on  Btate  inetitution  farma  was  &,507,S3S  quarts.  Pork  weighing  73S,S76 
pounds  was  produced,  and  118,340  bushels  of  potatoes  were  raisal  during 
this  period. 

FABM   ACBEAIM,  3S,024  ACSBS 


8UU  Institutkia 


Ml  Deformed  Chil. 


These  farms  are  well  scattered  over  the  entire  state.  They  vary  greatly  in 
fertility  and  general  condition  of  soil,  and  some  are  better  adapted  to  one 
parttculer  crop  than  to  another.     The  recant  law  allowing  the  esdiaiiga  at 


[change  it  with  another  institution  in  need  of  sudt  poducts  ajMl  having 
irplua  of  other  gooda. 
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Tlie  syBtem  of  fum  aoconstiiig  m  outlinad  by  the  State  Gamptrolkr  is 
proring  very  Batisfactory,  and  being  iimform  for  all  inatitutions,  provideB 
for  eompariaon  of  the  efficiency  of  each  farm.  These  reports  are  proving  a 
great  h^p  in  pointing  out  the  plaoee  where  improvements  can  be  made  and 
expenses  cut  down. 

OOUnXT    ALM8H0U8B    FABMS 

In  accordance  with  Article  2,  Bection  12- A,  of  the  Agricultural  Law,  this 
Bureau  has  caused  an  inspection  of  the  various  almshouse  farms  to  be  made. 
Copies  of  the  reports  of  the  inspectors  and  the  recommendations  of  the 
CoBmnissioner  of  Agriculture  in  regard  to  the  management  of  the  farms 
have  been  sent  to  the  boards  of  supervisors  in  the  counties  in  which  inspec- 
tion has  been  made.  This  work  has  a  beneficial  effect  upon  the  county  farme, 
in  that  those  in  charge  of  the  farms  see  that  the  state  is  interested  in  the 
work  they  are  doing  and  is  willing  to  give  them  all  the  assistance  possible. 
A  great  improvement  in  the  management  of  many  of  these  farms  has  been 
made  during  the  past  year. 

STAn:  DiTcaiiNG  maohhobs 

This  Bureau  has  had  charge  of  the  thirteen  state-owned  ditching  machines, 
which  were  turned  over  to  this  Department  November  1,  1&19,  when  the 
Bureau  of  Production  was  abolished.  These  ditching  machines  have  be^ 
operated  in  the  various  counties  of  the  state  under  the  management  of  the 
farm  bureau  associations  of  the  counties  in  which  the  ditchers  were  located. 
One  mechanic  has  been  employed  during  the  entire  year  and  has  helped  in 
keeping  the  ditchers  in  working  order, 

KXTBNSTON    WOEK 

The  extension  fund  has  been  placed  in  charge  of  this  Bureau,  and  in  this 
connection  stereomotographs  were  operated  at  twenty  county  fairs  and  at 
several  agricultufiil  meetings.  At  these  places  slides  snowing  the  agricultural 
advantages  of  New  York  State  and  slides  showing  the  value  of  milk  as  a 
food,  especially  for  children,  were  used. 

At  the  State  "Fair  the  Director  of  this  Bureau  was  superintendent  of  the 
state  institutions'  exhibits.  He  also  directed  the  allotment  of  spaces  to  the 
different  state  departments,  and  apportioned  the  $5,000  allotment  among  the 
various  departments. 

The  Bureau  of  State  Institution  Farms  put  on  a  cow- judging  contest  quite 
similar  to  the  one  held  the  previous  year,  and  yet  differing  in  that  the  cows 
exhibited  were  all  from  the  same  herd  and  were  sired  by  the  same  herd  bull. 
The  results  of  this  contest  were  similar  to  the  guessing  contest  of  1918  and 
brought  out  the  fact  that  it  is  very  important  for  the  farmer  to  weigh  his 
milk  and  keep  daily  records  of  each  cow  if  he  is  to  know  whether  each 
individual  cow  is  proAtable  or  not.  This  Bureau  has  distributed  free  of 
charge  to  all  institutions  and  farm  bureau  associations  and  dairy  farms  of 
New  York  State,  milk  record  sheets  especially  prepared  for  keeping  such 
records. 

To  promote  interest  in  the  sheep  industry  in  this  state,  an  exhibit  attract- 
ing much  attention  at  the  State  Fair  was  prepared  by  this  Bureau.  A  flock 
of  sheep  was  exhibited  and  the  entire  process  of  taking  the  wool  from  the 
sheep,  washing,  carding,  spinning  it  into  yarn  by  the  old-style  spinning  wheel, 
and  weaving  it  into  cloth  by  means  of  a  hand  loom  was  shown.  The  cloth 
thus  woven  was  made  Into  an  overcoat  and  presented  to  the  Lieutenant  Gov- 
ernor by  the  Commissioner  of  Agriculture. 

LEOAL  BXTBEAU 

The  work  of  the  Lesal  Bureau  consists  in  advising  the  commissioners, 
directors  of  bureaus,  and  other  persons  where  necessary,  as  to  the  law  under 
which  they  are  operating  and  as  to  the  many  phases  of  its  application  to 
the  work  provided  to  .be  done  imder  the  Farms  and  Markets  Law,  Agricul- 
tural L«fw,  and  the  Qeneral  Business  Law;  in  corresponding  with  and  con- 
sulting with  attorneys  who  are  appointed  by  the  Attorney-General  to  try 
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cases  under  the  proTisions  of  such  laws  and  advising,  ih  many  instances,  with 
farm  'bureau  heads  as  to  the  application  of  the  law  and  the  different  phases 
of  the  work  which  farm  bureaus  are  performing;  in  advising  with  and 
instructing  agents  of  the  Department  as  to  the  methods  to  be  pursued  in 
getting  evidence  in  cases  of  violations  of  any  of  the  aibove  laws;  and  in 
examining  all  the  evidence  submitted  by  the  commissioners  or  the  directors 
of  the  different  bureaus  for  purported  or  poesible  violations  of  any  of  the 
said  laws. 

During  the  calendar  year  of  1020,  from  evidence  submitted  to  this  Bureau 
from  the  Division  of  Agriculture  there  was  fotmd  evidence  which  it  was 
'believed  warranted  reference  to  the  Attorney-General  of  4^46  cases  for  viola- 
tions of  the  provisions  of  the  Agricultural  Law,  as  follows: 


Number 
of 


Milk 

Milk  bottles.. 
Oleomargarine 
Cream 


Pipettes,  not  state  branded . 

MUkoans 

Evatxn^ted  milk 

Nu  Krem 

Blended  cream 

CheMe 


Renovated  butter 

Milk  and  cream 

Mixing  skim  milk  with  whole  milk  and  selling  the  resultant  product  as  milk. 

In  relation  to  dealing  or  buying  cream  of  producer 

Sour  cream .  . . : 

Babcock  method  of  testing 


362^ 
129 
105 
10 

1 

3 
12 

3 

1 

2 

1 

1 

1 

1 

4 

2 


Article  3 


Rabies  quarantine 42 

Bob  veal 262 

Tuberculosis  ({uaraintine 7 

Quarantine  violation  (lumpy  jaw) 1 

Importation  of  cattle 1 

Failure  to  enroll  stallion 6 

Non-license  of  dog 2,985 

Assignment  claims 30 

Violation  to  restrun  order 3 

Failure  to  make  monthly  report  of  dog  licenses 1 

Failure  to  remit  dog  license  fees if 

Failure  to  obey  order  of  justice  of  peace 3  j 


Article  5 


Article  5-A 


Article  A-B 


Feeding  stuffs 352  Article  7 

FertiBsers 04  Article  0 

TSupentiM.;;;;:::!::::: :!!!!:;:;!!!!!!!:::!!!!!!!!!!!!!!!! !!;!;::  iJJArtideio 

Misbranded  apples 80  Article  11 

Foul  brood  of  bees 1  Article  14 

Agricultural  seed 24  Article  15 

Total 4.548 


PenalUes  ooUeotcd $41 .120  26 


The  report  made  to  this  office  by  the  Attorney*€leneral  for  the  said  calendar 
year  shows  as  ahove  that  there  were  collected  in  penalties  from  the  cases  that 
had  been  referred  to  him  $41,1j20.2&. 

Some  of  the  evidenc  submitted  to  this  Bureau  was  found  not  to  be 
sufficient  to  constitute  violations  of  the  provisions  of  the  statute.  In  such 
instances  the  papers  are  sent  back  to  the  Bureau  from  which  received  with 
advice  to  that  effect. 

There  has  necessarily  been  frequent  consultations  with  the  Attorney- 
General's  office  relative  to  the  principles  involved  and  the  facts  constituting 
the  violations  in  cases  referred  to  him,  and  oftentimes  in  relation  to  affidavits 
submitted  to  that  official  subsequent  to  the  reference  of  the  cases  which  have 
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a  bearing  upon  the  cases  or  some  of  the  facts  in  connection  therewith.  These 
aflldavits  eometimee  disclose  facts  or  conditions  not  known  at  the  time  of 
the  reference  of  the  cases  and  require  careful  consideration  before  determining 
whether  further  action  should  be  taken.  When  cases  are  referred  by  the 
Attomey-Q«neral  to  local  attorneys,  correspondence  is  often  necessitated  be- 
tween such  attorneys  and  this  Bureau  in  relation  to  what  the  witnesses  can 
testify  to  and  what  weight  such  testimony  would  have,  viewed  from  a  legal 
standpoint.  Considerable  time  is  also  taken  in  notifying  the  witnesses  in 
the  different  cases  and  having  them  ready  for  trial;  also  in  corresponding 
with  the  defendant,  and  in  some  cases  with  the  manufacturer,  notifying  them 
that  their  goods  were  exposed  for  sale  in  violation  of  the  statute.  Other 
work  of  a  minor  nature  consists  in  advising  with  those  interested  in  prepar- 
ing bills  as  amendments  to  the  laws,  the  enforcement  of  which  comes  under 
the  surveillance  of  the  Department  of  Farms  and  Markets. 

Nans:  This  report  does  not  contain  any  statements  relative  to  the  work 
of  the  Legal  Bureau  in  connection  with  the  Division  of  Foods  and  Markets. 

BUBB4U  OF  ACOOinVTS 

There  was  expended  for  personal  service  and  maintenance  and  operation 
from  appropriations  made  for  the  year  191^1920  the  sum  of  $504,702.05. 

The  IMvision  of  Agriculture  disbursed  for  fixed  charges  anid  contributions 
as  required  by  statute  $782,323.73. 

There  was  also  expended  the  sum  of  $500,050.50  which  was  not  chargeable 
to  this  fiscal  year,  but  paid  out  for  indebte^ess  of  prior  years  from 
balances  on  hand  July  1,  1919. 

The  total  amount  of  money  received  by  the  Division  and  forwarded  to  the 
State  Treasurer  by  this  Bureau  was  $14,4(18.89. 

Daring  this  year  the  Bureau  sent  to  the  State  Comptroller  on  account  of 
the  Division  of  Agriculture  187  schedules  of  accounts  and  issued  11,705 
checks. 

There  were  audited  and  prepared  for  payment  the  following  Division  of 
Agriculture  accounts: 

Traveling  expense  accoimts 2, 073 

Maintenance  and  operation  accounts 025 

Rabies  quarantine  accounts 118 

Per  diem  employees,  personal  service 372 

Indemnities  —  Tuberculosis   813 

Indemnities  —  Glanders    115 


The  following  tables  give  statements  of  receipts  and  expenditures  for  the 
Division  of  Agriculture  for  the  fiscal  year  1919-1920: 
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RECEIPTS,  JULY  1.  1919  — JUNE  aO.  1920 

Wicka  Reports  j $3.26 

Rental  of  ditching  machines 917 .05 

Stallion  enrollment 1 ,  340 .  60 

Apples  of  New  York 706.88 

Meats  and  hides 3,780.96 

Dot  licenses 7,626.26 

Miscellaneous 346.01 

Total 614.618. 89 


NEW  YOKE  STATE  CROP  REPORT 

EstimateB  prepared  by  the  Division'  of  Agriculture  on  production  in  the 
state  for  1920,  of  wheat,  potatoes,  corn,  beans,  cabbage,  buckwheat,  barley, 
rye,  oats,  hay,  onions  and  fruit;  also  report  on  milk  production  and  manu- 
factured dairy  products  for  1019. 


The  following  shows  production  as  estimated  for  1020  of  the  above  com- 
modities  in  the  state: 

Commodtfy  Ptodftction  Vnil  Vahu 

Winter  wheat 7,968,993  bu.  SI. 76  613.928,238 

Springwheat 306,357     «  1.75  636,125 

Potatoes 33.622.563     "  1.18  43.096.624 

Corn  for  grain 11,634.492     •  1.16  13,496,010 

Beans 1,702.666     ■  3,60  6.969.331 

Cabbage 597.739  tons  30.78  18.398,406 

Buckwheat 4,570,776  bu.  1.40  6,399,085 

Barley 2,101,146     *  .99  2.080.134 

Rye 1.736,052     «  1.58  2,742.962 

Oats 40,881.620     «  .67  27.390,685 

Apples  (commercial  crop) 20.302,361     "  .75  15,226,774 

Pears 2.247,266     *  1.05  2.359.629 

Peaches 2.265,783    -  2.25  5.098,011 

Grapes 110.833  tons  100.00  11.083.300 

Onions 3,054.122  bu.  1.317  4,022.278 

Hay 6,315,136  tons  23.60  126,437.209 

6296,254.801 


The  prices  from  which  values  were  computed  are  taken  from  those  listed 
in  the  monthly  bulletins  of  the  United  States  Department  of  Agriculture. 

Under  sections  280  and  2S1  of  the  Agricultural  Law,  it  is  provided  as 
follows: 

Ihe  Commissioner  of  Agriculture  may  collect  and  disseminate  such  information  relative  to 
agriculture  and  agricultural  labor  within  the  state  as  he  may  deem  wise  for  the  purpose  of  promot- 
ing agricultural  production  within  this  State. 

Supervisors  of  the  different  towns  and  wards  in  this  State  shall  furnish  to  the  Commissioner  of 
Agriculture,  upon  request  from  him,  upon  blanks  to  be  furnished'  by  the  said  Commissioner,  such 
information  as  may  be  in  their  possession  or  may  be  obtained  by  them  relative  to  agricultural  pro- 
duction and  agricultural  labor  within  their  respective  towns  or  wards.  Such  information  shaO  be 
furmshed  to  said  Commissioner  within  thirty  days  from  the  time  that  it  is  asked  for.  Expense 
incurred  by  the  several  supervisors  in  furnishing  such  information  shall  be  a  town  charge  to  be  paid 
in  the  manner  now  provided  by  law  for  the  pasrment  of  services  and  disbursements  for 
such  supervisors. 

For  various  reasons  the  plan  of  obtaining  statistics  through  the  super- 
visors of  the  various  towns  has  not  worked  out  in  a  satisfactory  manner. 
Although  the  law  is  mandatory,  experience  has  shown  that  some  of  the 
supervisors  have  not  been  sufficiently  interested  in  gathering  and  submitting 
figures  so  that  a  report  approaching  accuracy  was  available.  It  was  partly 
as  a  result  of  this  that  the  plan  of  calling  on  the  school  children  to  |;ath6r 
agricultural  information  was  decided  on  in  1917  and  1918,  although  it  was 
also  assumed  that  the  effect  would  be  to  interest  the  children  in  agricultural 
pursuits. 

Without  doubt,  the  plan  of  gathering  figures  through  the  school  children, 
directed  by  their  teachers,  was  an  excellent  one,  since  it  tended  to  interest 
the  children  in  agriculture  ti^nd  the  fartn.  If  this  plan  is  repeated,  it  will 
be  for  this  reason,  since  it  was  with  great  difficulty  that  reports  were  obtained 
from  B(Hne  sections  of  the  state. 
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ESTIMATES    FOB    1920 

Estimates  were  prepared  for  1920  on  figures  obtained  by  agents-in-charge 
in  the  various  districts  into  which  the  state  is  divided.  Agents  working 
under  the  directions  of  agents-in-charge  visited  the  various  producing  sec- 
tions and  prepared  estimates  of  the  total  production.  This  is  practically 
the  first  time  that  figures  have  been  gathered  in  this  way,  and  if  the  plan 
U  continued  the  i^ents  and  agents-in-charge  will  undoubtedly  become  more 
proficient  in  suppl^^ing  accurate  figures  on  production,  as  they  will  have 
become  better  acquainted  with  the  producing  districts. 

In  the  case  of  potatoes,  the  total  for  the  state  obtained  by  the  Division 
of  Agriculture  was  36,522,563  bushels,  while  other  estimates  run  as  high 
as  46.000,000  bushels,  but  it  is  possible  that  these  were  prepared  early  in 
the  season  before  potatoes  were  affected  with  potato  rot. 

The  report  on  winter  wheat  by  the  Division  of  Agriculture  of  a  little 
less  than  8,000,000  bushels  is  a  conservative  one,  other  estimates  being  as 
high  as  10,000,000  bushels. 

The  Division  of  Agriculture  report  shows  that  New  York  State  kept  up  to 
its  normal  standard  in  the  production  of  hay,  in  which  it  leads,  with  a  total 
of  5,dl  5,136  tons.    The  estimate  on  hay  for  1918  was  5,375,000  tons. 

The  estimate  on  spring  wheat  of  306,357  bushels  is  regarded  as  low,  since 
the  estimate  by  the  United  States  Bureau  of  Crop  Estimates  for  1919  was 
750,000  bushels.  It  is  conceded,  however,  that  spring  wheat  was  light  in 
1920,  and  in  many  cases  the  yield  was  not  more  than  half  of  that  of  the 
jM-eceding  year.  The  figures  on  spring  wheat  were  gone  over  carefully  by 
agents-in-charge  of  the  various  districts. 

MONBOE    OOVNTY   LEADS    IN    WHEAT 

Monroe  County  leads  in  winter  wheat  with  an  estimate  of  972,325  bushels, 
while  St.  Lawrence  County  leads  in  spring  wheat  with  an  estimate  of  45,000 
bushels. 

Livingston  County  leads  in  the  production  of  beans,  with  a  total  of  300,459 
bu^liels,  while  Ontario  County  is  second  with  a  total  of  224,000  bushels. 
The  total  production  of  beans  for  the  state,  as  estimated,  shows  an  increase 
over  the  1918  and  1919  production,  the  figure  for  1920  being  1,702,666  bushels. 
The  total  production  of  beans  in  1919,  in  New  York  8tate,  is  given  by  the 
United  States  Bureau  of  Crop  Estinmtes  at  1,450,000  bushels. 

Estimates  submitted  on  buckwheat  show  a  total  production  for  1920  of 
4,570,775  bushels,  Tioga  County  leading  with  256,338  bushels.  Albany  County 
is  second  with  231,800  bushels.  The  total  of  4,570,775  bushels  represents 
about  the  normal  production  of  buckwheat  in  New  York  State. 

The  total  production  of  barley  in  the  state  is  estimated  at  2,101,146 
bushels,  with  Onondaga  County  leading  with  162,000  bushels.  This  is  about 
the  normal  production  of  barley. 

The  total  estimate  for  rye  in  the  state  is  1,736,052  bushels,  with  Columbia 
County  leading  with  a  total  of  264,000  bushels,  which  is  about  normal. 

INCBEASB  IN   OAT  CBOP 

The  oat  production  in  the  state  for  1920  was  large.  An  increase  of  between 
30  and  40  per  cent  was  recorded.  The  total  for  1920  is  estimated  at 
403S1,020  bushels,  while  in  1919  the  total  was  29,580,000  bushels.  Jefferson 
County  leads  in  the  production  of  oats,  with  an  estimated  total  of  3,150,000 
bushels.  St.  Lawrence  County  comes  next  with  an  estimated  total  of  2,377,600 
bushels.  '    I    ! 

The  crop  of  hay  compares  favorably  with  the  normal  for  the  state,  although 
it  falls  somewhat  under  the  total  for  1919.  The  total  for  the  state  is 
estimated  at  5,315,136  tons.  St.  Lawrence  County  leads  with  a  total  of 
244,772  tons.    Delaware  County  comes  second  with  a  total  of  210,600  tons. 
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Depabtment  of  Fabms  and  Maskbts 


BT     COUNTIES     OF  WINTER     WHEAT,      SPRING 
POTATOES  AND  CORN.  YEAR  1980 


WHEAT, 


Winter 
wheat. 
buahels 


Albany 

AUecany . . . . , 

Broome 

Cattaraucuf . 

Ca3ruga , 

Chautauqua. 

Chemung 

Chenango . . . 

Clinton 

Columbia ... 
Cortland .... 
Delaware... . 
DutcheM. . . . 

Erie 

Eaaez 

Franklin. . . . 

Fulton 

Genesee 

Greene 

Hamilton.... 

Herkimer 

Jefferson .... 

Lewis 

Livingston... 
Madison .... 

Monroe 

Montgomery. 

Nassau 

Niagara 

Oneida 

Onondaga. . . 

Ontario 

Orange 

Orleans 

Oswego 

Otsego 

Putnam 

Rensselaer. . . 

Rockland 

Steuben 

St.  Lawrence. 
Saratoga.  .  .  . 
Sehenectady. 

Schoharie 

Schuyler .... 

Seneca 

Suffolk 

Sullivan 

Tioga 

Tompkins.  . . 

Ulster 

Warren 

Washington . 

Wayne 

Westchester . 
Wyoming.  .  . 
Yates 


Totals. 


7.000 

31.063 

24.420 

5.100 

470.000 

20.000 

57.600 

8.250 

500 

6.000 

11.240 

600 

30.500 

385.000 

400 

26.668 

1.900 

425.000 

17,850 


Spring 
wheat, 
buahels 


1.000 

5.500 

3.151 

955.102 

40.000 

972.325 

19.000 

5.000 

630.000 

30.000 

245.000 

744.000 

37.400 

450.000 

37.400 

8.750 

700 

5.000 

1,600 

175.294 

3,610 

5.400 

900 

17.600 

108.000 

500.000 

12.000 

2.100 

37.260 

160.000 

40.000 

500 

6,000 

537.364 

2.962 

325.094 

305,000 


7.958.093 


1,700 
6.018 
6,000 
2.070 
3.000 
5.200 
1.200 
1.000 

20.030 

1,800 

2,000 

700 

3.600 

14.000 
5.400 

38.840 

800 

2.000 

1.440 


4.000 
26,000 
10.800 
2.000 
5.000 
4,000 
3.600 

300 
8.000 
17.000 
8,000 
3.000 
1,800 
2.000 
2.000 
15,000 

800 
2.000 

280 

7.676 

45,000 

1,260 

750 
4,500 
1.500 
8.500 
3,000 

560 
3,980 
4.500 
2.550 

300 
1,500 
1.893 
1.300 
1,500 
2.260 

306.357 


Potatoes, 
bushels 


238.000 
721.697 
795.395 
852,688 
500.000 

1.085.000 
315.000 
366.180 

1.250.000 
225.000 
550.000 
460.800 
330.600 

1.260,000 
220.000 

1.125.000 
297,000 
625.000 
180.000 

686i666 
656.250 
871.952 
863,194 
378,000 

1,936.721 
123.500 

1.500.000 
270.000 

1.265.000 

1,200.000 

1.100.000 
852.000 
437.000 
480.000 
815,000 
52,000 
675.000 
70.000 

1.620.665 
825.180 
660.000 
116.000 
190.300 
550.000 
185.460 

3.800.000 
321.000 
648.750 
380.000 
420.000 
280.000 

1.170.000 
386.102 
235.000 
554.329 
154.800 


36.522.563 


Corn  for 

grain, 

bushels 


288.800 

50.000 

60.000 

16.850 

270.000 

95,000 

100.000 

91.575 

140.000 

536.500 

30.000 

64.000 

668.650 

650.000 

160.000 

75,000 

82.740 

115.000 

231,250 


45,000 

80.000 

11.100 
220.691 

50.000 

1.302.139 

168.000 

12.000 
130.000 
128,000 
500.000 
265.000 
504.000 
180.000 
235.000 
254.975 

56.000 
360.750 

85,140 
110.753 
260.150 
368.000 

88,800 
110.000 

73.500 
280.000 

12,000 
153.750 

60.000 
130.000 
332.500 

84.000 
504.000 
427.662 
138.000 

29.217 
260.000 


11.634.402 
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PRODUCTION 


BT    COUNTIBS    OF    BBA.KS,    CABBAGE,    BUCKWHEAT    AND 
BARLET,  YEAR   1920 


Albaikjr.. 
Allfgany 


CattarauBuii , 


Chmotauqua . 
Ch^nrans 


Clinton. 
CohambiA . 
Cortland. 
Delaware. 
DutdicM. 
Erie 


Franklin. 
Fulton  . 


Hamiltoo. 
Herldmer. 


Monroe 

Montcomery. 


Owida. 
Onoodsga. 
Ontario. . . 


Orle 


Patnam 

ReoMelacr.. . 

RoeUaod 

Steoben 

St.  Lawrenoe. 


Sdienectady. 
SdMhvie... 
Sdrayler. . . . 


Suffolk. 
Sf^Oivaa 
TI'Va.. 
T( 


Warren. 


Beana, 


Tolali. 


4.950 

40.737 
2,000 
4.000 

10.000 
2.500 

28.720 
3,200 

32.200 
3.000 
1.000 
2,800 
2,600 

55.000 
5.000 
8,195 
1.680 

94,800 
3,500 


2.800 
18.000 

1.476 

300.450 

10.000 

43.751 

1.300 


30.000 
7.800 

30.000 

224.000 

1,950 

75.000 
9,500 

17.680 

500 

2.100 

1.170 

34,861 
5.000 
8,800 
1,200 
7.000 

96.000 

28.000 
5,000 
2.470 
9.740 

26.000 

7.150 

4.000 

6.400 

134.715 

500 

173.462 

70.000 


1.702.666 


Cabbace. 
tona 


3.800 
2,548 
2.000 
2.700 

25.000 

1.800 

500 

15.336 


150 

10.000 

1.200 

900 

8.400 


1.000 

1.000 

12.800 

525 


2.000 


410 
20.885 

8,800 
53.750 

1.700 
40.000 
40.000 

5.000 
40.000 
58,000 

2.500 
18,000 
25.000 

1,000 
250 

2.600 

2.100 

4.792 


1.250 

1.500 

400 

400 

18,000 

28.000 

900 

4.000 

3.500 

3.200 

200 

1.350 

87.249 

6.165 

4.179 

21.000 


Buckwheat, 
buahels 


507.739 


231.800 

100.780 

127,875 

100.523 

125.000 

85.000 

133,000 

74,579 

104.800 

136.920 

80.000 

189.750 

105.000 

80,000 

22,500 

30,000 

43.700 

30.000 

103.500 

'45.666 
45.000 
21.930 
38.281 
130.000 
18.926 
82.800 

"25;666 

37.000 
80.000 
44.000 
33.750 
15.000 
68.000 

195.000 
6.500 

111.600 
5.940 

156,676 
60.480 
96.000 
66.000 

223,000 

80.000 

75.800 

3.000 

92.400 

256.338 

160.000 

122.000 
40,000 
63.000 
47,228 
550 
85.349 
34.500 


4.570.775 


Bailey, 
buBhels 


2.160 

71.955 

13.660 

16,203 

150.000 

9,876 
24.990 
18,240 
43,030 

2.300 
15.000 

5.600 

8.000 
18,000 
16,000 
20,000 

3,876 
101.500 

1,200 


20.500 
45.000 
37.800 
68.197 
75.000 
96.640 
16.200 


100.000 

28.640 

162.000 

142.500 

1.000 

76.000 

15.000 

41.440 

600 

2.100 

250 

130.000 

90,000 

2.500 

2,000 

17.000 

26.620 

86.060 

1.000 

2,160 

9.260 

65,000 

3.376 

350 

4.400 

69.329 

430 

.67.407 

60.000 


2.101.146 
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PRODUCTION    BY   COUNTIES    OP  RYB.   OATS,   APPLES   AND   PEARS,    YEAR 

1920 


Albany 

Allegany .... 

Broome 

Cattaraugus . 

Cayuga 

Chautauqua . 

Chemung 

Chenango. . . 

Clinton 

Columbia — 
Cortland .... 

Delaware 

Dutchess. . . . 

Erie 

Essex 

Franklin .... 

Fulton 

Genesc« 

Greene 

Hamilton 

Herkima* .... 
Jefferson .... 

Lewis 

Livingston... 
Madison .... 

Monroe 

Montgomery. 

Nassau 

Niagara 

Oneida 

Onondaga. . . 

Ontario 

Orange 

Orleans 

Oswego 

Otsego 

Putnam 

Rensselaer . . . 

Rockland 

Steuben 

St.  Lawrence. 
Saratoga .... 
Schenectady . 

Schoharie 

Schuyler .... 

Seneca 

Suffolk 

Sullivan 

Tioga.. 

Tompkins. . . 

Ulster 

Warren 

Washington . 

Wayne 

Westchpster . 
Wyoming.  .  . 
Yatos 


Total, 


Rye. 
bushels 


105 
10 
13 

2 
10 

2 
4« 

4 

2 
264 

1 

3 
40 
35 

1 
15 

3 
42 
41 


,000 
,000 
,000 
.080 
.000 
.800 
.000 
.500 
,500 
.000 
,500 
.600 
.000 
,000 
.500 
.000 
.000 
.000 
.250 


1.000 


6 
77 

1 
66 

3 


,100 
.141 
.300 
.429 
,200 


25 

6 

8 

65 

39 

15 

12 

1 

3 

225 

9 

60 

6 

52 

30 

25 

37 

10 


.000 
.850 
.000 
,620 
.600 
,000 
.000 
.950 
.200 
,250 
.225 
.000 
.480 
.500 
.400 
,000 
,800 
.000 


27 
21 
10 
103 
2 
40 
16 
20 
11 
61 


,000 
,215 
,500 
.500 
.800 
.000 
,262 
.300 
.000 
,700 


1.736.052 


Oats, 
bushels 


600 

1.052 
392 

1.600 
800 

1.105 
326 
539 
607 
525 
400 
551 
665 

1,300 
315 

1.200 
261 
550 
312 


586 
3,150 
795 
849 
540 
1,553 
760 


850 

1.120 

900 

1.146 

245 

550 

885 

997 

42 

552 

39 

1.684 

2,377 

737 

248 

544 

321 

542 

60 

280 

435 

480 

249 

60 

720 

1,976 

17 

1,000 

478 


000 
896 
800 
885 
000 
000 
700 
490 
XO 
OCO 
000 
OCO 
OCO 
000 
000 
000 
800 
000 
000 


500 
000 
600 
253 
000 
724 
000 


000 
000 
000 
000 
000 
000 
000 
500 
900 
500 
600 
801 
600 
200 
200 
000 
600 
500 
000 
000 
100 
000 
600 
000 
000 
436 
735 
000 
500 


40.881.620 


Apples, 
bushels 


135.000 

91.170 

150,576 

150.000 

160.000 

250.000 

190.000 

369,612 

22,000 

812.500 

62,500 

135.000 

175.000 

100.000 

67.300 

11.000 

8.750 

200.000 

320,000 

'6S,6od 

27,600 

190.392 

125,000 

3,650,000 

75,000 

ii666,666 

200.000 
215,000 
549.800 
175.000 
800.000 
1.312.000 
162.000 

45.000 
250.000 

78.2.'50 

122.421 

3,000 

55.000 

30.000 

125.000 

350.000 

500,000 

3.000 

87,250 
140.000 
200.000 
350,000 

40.000 

36,255 
5.110,000 

52,497 
414.588 
350,000 


20.302.361 


Ptoars, 
bushels 


16,000 

5,000 

3.000 

2.063 

15,500 

15.000 

38.000 

2.218 


80,000 

1.000 

625 

25.000 

54.000 


150 
25.000 
51,000 


5,688 


675,218 
600 


180.000 


234 

106,680 

28.000 

200.000 

150.000 

2.900 

1.050 

31.000 

2,100 

28,970 


1.000 

1,500 

3.0D0 

32.420 

33,100 

4,500 

1.200 

4.800 

10.000 

60,000 


600 

120.620 

4.500 

14,300 

60,380 


2.^7,266 
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PRODUCTION    BY    COUNTIES    OF    PEACHES,    GRAPES,    ONIONS    AND    HAT, 

YEAR    1920 


Attnny.. 
Allecaay. 


Oattaraugus . 

Caynsa 

Chaataoqiia . 
Chemuns. . . . 
Chenanco. . . 

Cfinton 

C  Jambia — 

C^trtkmd 

Delaware 

Datdieaa 

Erie 


Franklin 
FulUm.. 


Greene... 

Hamilton. 

Herkiiner. 


Livinsston. . . 
MidiMm.... 

Monroe 

Mantcamery. 

Nanaa 

Niacara 

Oneida 

Onondaca. . . 

Ontario 

Omtgf 

Orlemna 

Ot«eso 

Otaeco 

Putnam 


Rxkland.... 

Steuben 

Al  Lavrenee. 
Saratnca .... 
a^Knectady. 
SHioharie.  .  . 

Sehuyfer 

c^neca 

Soffolk 

Sollivan 

Tioga 

Tompkins. ;. 
LTater 


Waflhington . 

Wayne 

Westchester 
Wyoming. . 
Yates 


Totab. 


Peaches, 
bushels 


4,300 


200 

162 

1.000 

3,500 

1,800 


100 


3,104 

soi'.idfi 


900.000 


790 

3,000 

18.000 

720.000 


900 


8,000 
15.000 
18.000 


1,000 
1.600 


231,360 

34,109 

700 

2,800 


2,265.783 


Grapes, 
tons 


3 

2.880 

35 

46,250 

50 


050 
2 


62 
7.000 


5.000 


400 
8 


19 


402 
10 


3,000 


100 
8.000 

576 
2,600 


1 
41566 


4.000 
3,000 


1 

50 

3,000 


105 

3,900 

25 

14,000 


109,933 


Onions, 
bushels 


4.500 

2,754 

500 

40,000 

3.500 
58,000 

1.000 


5.000 


2,500 

1,000 

50,000 


2.000 

300.000 

4.600 


6,600 


2.952 

52.536 

333.000 

108.154 

8,000 

125.000 

20.000 

30,000 

2.000 

820.000 

120.000 

76.000 

3,000 

1.000 

4,000 

4,000 

13,318 

2,266 

2,500 

2.000 

500 

56,000 

3.566 

566 

3.000 
2,000 
4.500 
760.338 
7.815 
5,955 
600 


3,065.122 


Hay, 
tons 


78.000 

02,374 

120,301 

140.843 

130.000 

195.000 

42,600 

143,600 

90,600 

81.000 

75.000 

210.600 

110,000 

140.000 

50.000 

142,200 

40,500 

106,000 

81.200 


86,000 
180.000 
154,612 

96,017 
100,800 

67.452 
.  98.^400 


120.QP0 

165,500 

170,000 

981.800 

.94.600 

50.000 

129.000 

187,300 

18.500 

75,000 

9.100 

115,928 

244.772 

71.900 

31.900 

90,000 

33.982 

52.800 

Iff.  000 

93,760 

74,000 

90,000 

32.100 
120.000 
44,180 
31,261 
84,932 
32.532 


6.315.1M 


s 


Dbpastmbnt  of  Fabms  and  Uabexts 


ow.tw.oesib 

274,017.133  Uw. 
«M.S13,0«0lb*. 

s.Ma.MB.aw  ib«. 

W.SSS.eUlba. 


Itmmafiutvtd  rrwdadv 


37,eio.oDeiiM.  si.sos.sa 

3.K7S,MSIba.  3.13B.TS 

4,iU,flT41bL  4. 473. as    ._    . 
l.ITO.XSVltM.  I,733,SMIba. 

l,4(U.S141b«.  ajlD,]!"' 


4SS.  308. 70S  lbs. 
68.388.333  Iba. 
4.110,431  Iba. 
14.881,777  Iba. 


Cnui  ud  Ncofshatal  cban 
Italian  ud  Onak  Wpa  tbtm 
•" nof^MM.. 


BnporaM  mUh  (aC  Undtf . . 

FimMaii  milk 

Foodwid  (Urn  milk 

Pawdind  omm 

Wfcotomilk     


Total ll0e.4fl3.4B3  BO 

*  FInrai  for  1018  (afcan  from  the  Bnal  raport  of  tb*  Bunau  of  Mwkata,  V.  B.  DapartmaBt  at 


Annual  Rbport  35 

DIVI8I0N  OF  FOODS  AND  MASKKTS 

To  the  Council  of  Forma  and  Marketa: 

I  transmit  herewith  the  report  of  the'  Division  of  Foods  and  Marlcete  for 
the  calendar  year  ending  December  31,  1920,  this  report  summarizing  the 
work  of  the  various  bureaus  and  of  the  New  York  and  Buffalo  branch 
oflloes,  and  briefly  outlining  the  more  important  features  of  the  problems 
facing  the  Division  as  a  whole  during  the  period  named. 

Important  matters  of  legislation  faced  the  iDivimon  at  the  be^ning  ot 
the  year,  and  among  the  measures  presented  to  the  Legislature —- some  of 
them  bearing  the  endorsement  of  the  Commissioner  and  your  Council  —  were 
the  cold  storage  bills,  placing  private  cold  storage  warehouses  under  the 
jurisdiction  of  the  Department,  amendments  to  the  Agricultural  Law  limitins 
the  use  of  the  title  **  Apple  and  Cider  Vinegar,"  a  bill  providing  for  standard 
weight  loaves  of  bread,  a  bill  providing  for  reports  of  certain  cooperative 
associations  to  be  filed  with  this  Department,  and  other  minor  amendments 
to  existing  laws  which  need  not  be  detailed  herein. 

The  first  of  these  bills,  namely,  the  cold  storage  law  amendments,  was 
enacted  by  the  L^islature  to  take  effect  Oct<Aer  1;  but  as  no  provision  for 
additional  inspectors  was  made,  the  increased  work  of  inspecting  upwards  of 
one  hundred  private  cold  storage  warehouses  has  been  thrown  upon  the 
present  itftee  oi  seven  inspectors.  This  number  is  no  more  than  adequate  to 
eover  eflteientl^  the  seventy-seven  public  cold  storage  warehouses  under  the 
Department's  jurisdiction  previous  to  the  passage  of  the  amended  law. 

Boles  were  adopted  by  the  Council  governing  foodstuffs  in  cold  storage, 
upon  tiie  recommendation  of  the  Commissioner,  these  rules  taking  effect 
October  29,  1920. 

FOOD  DISTRIBUTION 

Food  distribution  problems  are  nation-wide  in  scope,  and  one  of  the  con- 
structive steps  of  the  Division  during  the  year  was  its  activibr  in  promotina 
the  organization  of  a  national  organization  ol  officials  and  ouiers  interested 
in  the  wider  aspects  of  marketing.  In  February,  1920,  the  Katiooal  Associa- 
tion of  State  Marketing  Officials  was  formed  in  New  York  City,  of  whidi  I 
had  ^e  honor  of  being  elected  president.  The  Division  initiated  the  {H'epara- 
tioo  ol  a  platform  doling  with  marketing  work,  which  was  adopted  by  the 
above  organization,  and  which  also  met  with  the  express  approval  of  the 
Conference  on  Agriculkire  and  Marketing,  assembled  at  Syracuse.  This 
platform,  the  energetic  prosecution  of  which  is  believed  to  be  essential  to 
more  efficient  distribution  of  foodstuffs,  is  as  follows: 

1.    OissilaiJIiMily; 

(a)  Adoption  of  uniform  grades  and  oontainom  by  the  yarious  states  in  elose  cooperation 

with  the  Federal  Qovemment. 

(b)  More  extensive  development  of  federal  and  state  inspeotion  swvioe  for  enforoement 
of  grades  and  standards. 


Derdopment  by  the  stat«  marketing  bureaus  of  the  following: 

Cs)  OrgamzaUon  of  produoers*  cooperative  marketing  aasooiations  for  parposea  of  staa* 
nsrdiffatinn  of  fsrm  products  and  ocganiied  marketing. 

(b)  Organisation  of  consumers*  eooperative  assooiatioDs  for  purposes  of  eliminating  unneces- 
sary duptieation  of  service  and  cost  in  distribution  to  consumers. 

(e)  Awistsneti  to  cooperative  assodataons  in  praetieal  problems  of  marketing  and  business 


(d)  Promotion  of  uniform  advanced  legislation  for  the  incorporation  of  cooperative  associa- 

tions. 
^■■^BsrtBllan  s 

(a)  Fkevention  d  loss  and  waste  in  transit  throu^  (1)  avoidance  of  delays;  (2)  better 

terminal  handling  equipment;  (3)  sufficient  rolling  stock;  (4)  improved  refrigeration . 

(b)  Devciopmeni  of  motor  truck  transportation. 

(e)  Good  roads  for  farmers. 


0  Liooising  of  eommiasion  men,  ooU  storage  warehouses. 
S.    f<ir«fnlfan  Osmtract  Between  Predsesr  and  Marktt 

(a>  Service  by  government  agencies  as  medium  of  contact  between  producers  and  markets. 
(b)  Assistance  to  small  producers  in  finding  a  market  for  their  products. 
ib    tasprov«neHl  eritearfnal  PSdMles: 

(a)  Development  of  definite  plana  in  cooperatiao  with  local  autJioritaes  and  transportation 
agencies  for  improvement  of  terminal  wholesale  markets  in  large  marketing  centres 
and  for  reduetioQ  of  expense  of  terminal  handling  to  the  lowest  possible  miiumtim. 
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7.  Market  Reportfugr 

(a)  Complete  and  thorough  reportinjc  on  market  prices  and  conditiona  daily  to  state  bureaus 
and  the  Federal  Bureau  of  Markets  in  oomormance  with  plana  that  avoid  duplieatton 
o(  effort  and  make  possible  furnishing  of  all  information  of  service  to  producer  or 
dealer. 
'  (b)  Dissemination  of  market  information  in  iHtxluoing  areas  through  newspapov,  telegraph 
and  wireless  information  oenten  and  printed  reports. 

8.  Research  InresUgaition  of  Costs  of  Distribution: 

(a)  Statistical  analysis  of  the  various  elements  in  the  cost  of  distribution  of  farm  products 

from  the  point  of  production  ,to  the  ]>oint  of  consumption. 

(b)  Investigations  of  this  tjrpe  conducted  in  the  different  states  should  be  coordinated 

through  the  Federal  Bureau- 

9.  Storage: 

(a)  Adequate  storage  facilities  at  shilling  and  receiving  points. 

10.  FlnandDg: 

(a)  Extension  of  credit  facilities  by  existing  banking  institutions  for  marketing  operations. 

(b)  Development  of  cooperative  banks  ana  credit  unions. 

11.  Education: 

(a)  Of  consumer  and  producer  as  to  benefits  accruing  to  each  from  carrying  out  of  thia 

program. 

(b)  Of  middleman  and  transportation  agencies  as  to  purposes  of  state  marketing  oflfieials. 

(c)  Closer  relations  with  the  press  in  disseminating  accurate  information  on  marketing 

problems. 
IS.    Leglaiation: 

(a)  Uniformity  among  states  in  so  far  as  conditions  will  permit. 

(b)  Exchange  of  information  as  to  operation  of  various  laws. 

MAEKETINO 

Definite  progress  during  the  year  was  shown  by  the  report  of  the  Bureau 
of  Markets  and  Storage,  to  whiich  especial  attention  is  called.  Com|detion  of 
the  state-wide  shipping  point  survey,  together  with  the  compilation  of  data 
concermng  existing  public  markets  in  the  state,  were  two  ocmtftructive  steps, 
while  the  routine  work  covering  transportation,  claims  and  complaints,  and 
the  inspection  service  was  carried  on  efficiently  and  satisfactorily. 

Standards  and  grades  for  marketing  of  potatoes  and  onions  have  been  ten- 
tatively established,  and  these  Will,  it  is  believed,  be  in  full  effect  another 
season,  following  hearings  to  be  arranged  the  coming  spring.  Esti^lishment 
of  standards  and  grades  for  the  two  commodities  named  will  be  a  distinct 
benefit  to  growers,  shippers  and  consumers  of  same,  and  will  greatly  aid 
the  marketing  of  these  crops  in  New  York  State. 

A  j^iirvey  was  also  made  of  the  possibilities  of  barge  canal  transportation 
Of  farm  commodities,  and  the  results  of  this  survey  will  be  of  value  in  the 
future  development  of  ^vater-borne  traffic  on  our  state  waterwa3r8.  Progress 
ot  motor  truck  transportation  was  also  made  the  subject  of  a  special  study, 
iknd  pamphlets  giving  information  as  to  the  growth  and  value  of  this  new 
and  important  transportation  agency  were  published. 

TR^NSPORTATIOir 

During  March  and  April  railroa<l  transportation  conditions  became  acute 
on  account  of  the  labor  troubles  and  the  shortage  in  rolling  stodc.  The 
resulting  tie-up  caused  serious  delay  in  the  shipping  of  seeds,  fertilizers, 
farm  machinery,  and  nursery  stock.  Traffic  heads  of  nine  different  railroad 
systeniR  in  New  York  State  were  called  into  conference,  and  embargoes  were 
lifted  from  the  commodities  mentioned.  In  most  cases  the  movement  of 
freight  of  the  character  outlined  was  greatly  accelerated.  Several  hundred 
<'omplaints  were  handled  through  the  Bureau  of  Markets  and  Storage  and 
the  branch  offices  of  the  division,  and  the  railroads  interested  cooperated 
promptly  after  being  acquainted  with  the  facts  in  the  conferences  mentioned. 
I^listment  of  the  railroad  officials  in  this  matter  was  productive  of  further 
valnable  results  in  the  securing  of  cars  during  the  harvest  season.  ' 

COOPERATIVE    WORK 

Growth  of  the  cooperative  marketing  movement  has  been  continuous  among 
producers  in  New  York  State,  who  are  thoroughly  awakened  to  the  need 
for  more  efficient  methodn  of  marketing  their  products  in  order  to  meet  the 
^Competition  of  the  larger  cooperatively  organized  agriculture  of  the  West. 
A.  detailed  account  of  these  activities"  will  be  found  in  the  Report  of  the 
Bureau  of  Cooperative  Associations,  but  I  would  call  attention  at  this  time 
to   the   special   assistance   given   consumers*   cooperative   associations  during 
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the  past  year,  a  step  made  poBtsible  by  provision  made  by  the  Legislature 
for  an  organizer  to  give  direct  assistance  to  organizations  of  this  character. 

Earl^r  in  the  year  a  survey  was  made  in  New  York  City  of  cooperative 
enterprises  that  were  not  known  even  among  those  in  the  cooperative  move- 
inent.  Later  this  preliminary  survey  was  followed  by  a  thorough  examina- 
tion of  all  cooperative  enterprises  by  agents  of  the  Bureau  of  Cooperative 
Associations  in  connection  with  the  filling  out  of  the  annual  reports  which 
cooperative  corporations  are  required  by  law  to  file  with  this  Department. 

One  of  the  most  important  problems  with  which  the  Division  has  had 
to  deal  is  that  of  investigation  of  private  firms  who  are  asing  the  word 
**  cooperative  "  in  the  title  of  their  organizations  in  violation  of  the  State 
cooperative  laws.  Working  people  and  other  people  of  small  incomes  have 
been  greatly  exploited  in  the  name  of  cooper  at  it)n  by  such  agencies.  Seventy- 
five  of  them  have  been  investigated  in  New  York  City,  and  action  taken  to 
compel  them  to  discontinue  the  use  of  the  word  ''cooperative." 

A  conference  of  cooperative  associations,  both  of  producers  and  consumers, 
was  called  by  me  in  Syracuse,  April  30,  and  May  1,  and  was  attended  by 
upwards  of  150  representatives  of  these  organizations.  At  this  gathering, 
the  policy  of  the  Department  was  made  plain,  and  the  entire  cooperative 
movement  in  New  York  State  received  a  marked  impetus  as  the  result  of 
the  exchange  of  views  by  individuals  and  organizations  interested. 

EDUCATIONAL  WORK 

MILK   SHOW 

Various  educational  activities  aimed  at  acquainting  the  public  with  the 
work  of  the  Division  were  undertaken  during  the  year,  and  among  these 
may  be  mentioned  the  preparation  and  operation  of  an  exhibit  for  the  Division 
of  Foods  and  Markets  at  the  Milk  and  Child  Hygiene  Exposition  held  in 
Orand  Central  Palace  May  17  tp  22.  This  exhibit  showed  in  panoramic  form 
the  various  stepa  in  the  movement  of  milk  and  milk  products  from  farm 
to  city  consumer,  over  which  the  Department  of  Farms  and  Markets  has 
supervision.  It  was  praised  bv  exhibit  experts  for  its  artistic  unity  and 
effectiveness.  Its  utility  was  enhanced  by  the  assistance  of  volunteer  workers 
from  the  Consumers'  Food  Committee  and  Teachers'  College,  who  explained 
the  story  of  the  exhibit  to  the  crowds. 

STATE    FAJR    BKHIBIT 

The  exhibit  above  described,  amplified  and  somewhat  rearrai\ged,  was 
presented  at  the  New  York  State  Fair  at  Syracuse  in  September,  and  made 
a  distinct  impression.  Motion  pictures  of  the  Division  s  work  were  also 
shown  at  Syracuse  during  the  fair.  The  present  equipment  of  the  Division 
in  the  way  of  motion  pictures  includes  one  dealing  with  packing  house  work, 
the  dairy  industry,  and  New  York  wholesale  maricets. 

MOTION    FICTUAE    OF   WHOLESALE    MABKETS 

The  Division  of  Foods  and  Markets  determined  in  the  summer  of  1920 
to  produce  a  motion  picture  sliowing  conditions  in  the  wholesale  food  markets 
in  New  York  city  and  the  channels  through  which  produce  must  pass  betyreen 
farmer  and  city  consumer.  An  understanding  of  these  conditions  on  the 
part  of  both  farmer  and  city  consumer  seemed  fundamental  to  any  prjogram 
for  greater  economy  and  efiiciency  in  marketing.  Through  a  film  produced 
by  the  Community  Motion  Picture  Bureau  in  August,  it  is  possible  for  persons 
in  every  citv  and  rural  community  in  the  State  to  see  just  what  happens  to 
the  hundreds  of  carloads  of  produce  that  come  to  this  market  every  day. 
The  picture  starts  with  the  freight  yards  in  New  Jersev.and  takes  one 
across  the  Hudson  River  on  the  huge  floats  of  freight  cars  filled  with  produce. 
It  shows  the  endless  line  of  longshoremen  with  hand  trucks  unloading  these 
cars  on  the  piers.  It  then  shows  each  operation  of  the  wholesale  market, 
the  rush  of  buyers,,  the  examination,  sale,  loading,  and  the  distribution  by 
jabbers,  until  the  food  reaches  the  housewife*:^  breakfast  table,  that  ..very 
morning.  Thepictura  further  emphasizei^  the  beneficial  results. of.  stani^ard 
grading  and  packing  by  the  Cslifomia  cooperative  farmers'  organ ijsat ions. 
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and  takes  you  into  the  wild  excitement  of  bidding  at  the  California  fruit 
auction,  llien  you  are  whisked  away  to  the  farmers'  markets,  the  largest 
in  the  world,  where  hundreds  of  farmers  come  during  the  night  to  sell  their 
produce;  from  there  into  the  jobbing  sections,  and  finally,  down  into  the 
pushcart  district  of  the  East  Side. 

The  film  had  its  first  public  showing  at  the  Bdalto  Theatre,  at  Times 
Square,  New  York  City,  for  the  week  of  December  19,  and  was  immediately 
afterwards  started  on  a  schedule  of  circulation  among  theatres  and  schools 
all  over  the  State.  Three  copies  of  it  were  made,  and  these  were  in  such 
demand  that  by  the  end  of  the  year  all  of  them  had  been  promised  for 
continuous  use  nearlv  six  months  iu  advance. 

8TIMULATIXO  THE  MABKETINO  OF  APPLES 

Marketing  New  York  State's  extraordinarily  large  crop  of  apples  this 
fall  was  a  very  vital  problem,  toward  the  partial  solution  of  which  the 
Division  through  the  Bureau  of  Markets  and  Storage  and  the  New  York 
office  was  able  to  make  a  distinct  contribution.  Before  the  apple  harvest 
had  b^^un  it  was  obvious  that  there  would  be  a  tremendous  surplus  in  New 
York  State,  and  at  once  the  endeavor  was  made  to  provide  new  channels  of 
distribution.  Through  cooperation  with  the  heads  of  municipalities  and  by 
mean's  of  conferences  with  growers,  sluppers,  and  others  interested,  a  success- 
ful publicity  campaign  was  launched,  with  "  E^t  more  New  Ifork  State 
apples"  as  a  popular  slogan.  The  publiciW  thus  obtained  was  valuable, 
and  backed  by  local  sales  of  apples  in  New  York  and  other  cities,  the  move- 
ment may  be  said  to  have  had  a  widespread  and  most  beneficial  effect,  even 
though  thousands  of  barrels  of  apples  went  to  waste  in  orchards  up-state 
because  of  low  prices  land  other  causes  incident  to  inefficient  distribution 
methods. 

This  canvpaign  showed  not  only  the  value  of  proper  packing  and  grading 
of  New  York  State  apples,  but  also  the  possibilities  of  greater  sales  through 
the  use  of  smaller  containers  adapted  to  the  needs  of  chain  stores  and  other 
retailers  who  have  not  heretofore  handled  apples.  Attention  is  called  to 
the  reports  of  the  Bureau  of  Markets  and  Storage  and  the  New  York  office 
covering  these  points.  A  special  pamphlet  in  color  and  appropriate  apple 
tags  were  prepared  by  the  Division  for  use  among  school  children  and  at 
public  gatherings,  in  order  to  stimulate  apple  consumption. 

KINGSTON  MILK  SURVEY 

In  June,  1920,  investigation  was  requested  by  the  Chamber  of  Commerce  of 
Kingston  of  the  cost  of  milk  distribution  in  that  city,  and  a  thorough  survey 
of  the  various  items  entering  into  the  service  given  oonsumers  was  made  and 
conclusions  were  presented,  which  \^'ere  discussed  at  a  public  hearing  July  20, 
1020,  conducted  by  the  Commissioner  and  the  Counsel.  The  data  thus  col- 
lected was  turned  over  to  the  Chamber  of  Commerce,  which  declared  the 
report  to  be  exceedingly  valuable,  and  that  it  would  be  the  subject  of  con- 
structive action  in  the  taking  up  of  changes  suggested  in  the  system  of  milk 
distribution  in  Kingston.  The  complete  report  was  published  in  the  November 
bulletin. 

As  the  result  of  complaints  from  the  Troy  Market  Gardeners*  association 
concerning  an  alleged  boycott  of  their  market  at  Watervliet  by  the  wholesale 
dealers  of  Troy,  a  preliniinary  investigation  of  the  matter  was  made  and  two 
hearings  were  held  by  me.  The  evidence  collected  was  submitted  to  the 
Attorney-General. 

FOOD  STANDARIZATION 

During  the  year  marked  strides  were  made  in  the  enforcement  of  the  pure 
food  laws,  and  a  series  of  definitions  aimed  to  give  more  thorough  interpreta- 
tion to  the  statutes  were  presented  to  the  Council  by  the  Commissioner,  and 
adopted,  same  being  published  in  the  November  issue  of  the  bulletin.  These 
deflttitions  constitute  a  valuable  constructive  step,  being  designed  to  assist 
manufacturers  of  food  products  in  com-plying  with  the  laws  in  regard  to  con- 
tent and  liU)eling  of  their  proaucts.     During  the  year  speciar  emphasis  hai* 
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been  placed  on  the  proeecution  of  adulterated  l>everages,  baking  powderB, 
bread,  honey,  egg  substitutes,  vinegar,  and  other  commodities,  and  the  work  of 
the  chemical  laboratory  is  presented  in  detail  in  the  accompanying  report. 

RepresentatiTes  of  the  iMiking  powder  manufacturers  of  the  country  were 
called  in  conference  during  February,  at  which  time  a  definition  and  standard 
for  baking  powder  were  presented,  such  definition  and  standard  ibeing  finally 
accepted  and  now  in  force.  On  April  7,  a  conference  was  held  with  manufac- 
turers of  dried  fruit,  to  take  up  the  question  as  to  the  percentage  of  moisture 
and  sulphate  dioxide  permissible  in  such  products.  Minutes  of  both  con- 
ferences mentioned  aAx>ve  are  presented  herewith. 

More  than  12,220  store  in&pections  were  made  by  the  Bureau  of  Food  Prod- 
ucts, which  submitted  a  total  of  2,553  samples  to  the  laboratories  for  analysis. 
Penalties  amounting  to  nearly  $1,200  were  collected  in  the  prosecution  of  cases 
against  retail  grocers  selling  cold  storage  eggs  without  labeling  as  »uch.  In 
addition,  vinegar  factories  in  the  State  were  inspected  and  samples  taken  of 
their  products  during  the  year. 

WSI0HT8   AND  HBA8UBB8 

In  Aiigust,  1020,  one  important  conference  was  held  in  which  eiforts  were 
made  to  secure  the  complete  cooperation  of  all  bakers  in  the  State  in  a  plan 
providing  for  the  standardization  of  loaves  of  bread.  Complete  reference  to 
this  gat£ering  and  the  results  obtained  will  be  found  in  the  report  of  the 
Bureau  of  Weights  and  Measures. 

Other  conferences  during  the  year  took  up  phases  of  the  work  of  each  at  the 
different  Bureaus  directly  with  the  interests  concerned,  and  are  presented  in 
more  detailed  form  in  their  reports. 

At  a  conference  on  agriculture  and  marketing  in  Syracuse  in  September,  the 
work  of  the  Division  was  presented  by  the  Commissioner  and  through  reports 
of  standing  committees  of  such  conference,  and  considerable  impetus  was  given 
to  the  Division's  endeavors  toward  the  solution  of  the  more  prominent  market- 
ing problems  and  the  build*ing  up  of  organized  cooperative  effort. 

The  report  of  the  Bureau  of  Licenses  herewith  submitted  gives  the  total 
amount  of  fees  received  from  the  issuance  of  licensees  to  milk  dealers,  com- 
mission merchants  and  cold  storage  warehouses,  and  the  report  of  the  legal 
work  of  the  Division  gives  a  summary  of  the  penalties  recovered.  The  finan- 
cial statement,  also  attached,  is  for  the  fiscal  year  ending  June  30,  1920,  as 
required  under  the  law. 

Reports  of  the  branch  offices  through  which  the  activities  of  the  Division 
and  the  various  Bureaus  are  carried  on  as  local  conditions  demand  are  also 
submitted  herewith.  Market  reporting  and  other  ftmctions  of  these  offices  are 
also  contained  in  their  respective  reports.  Under  market  reporting,  it  is 
planned  greatly  to  extend  the  present  service  with  the  cooperation  of  the 
United  States  Bureau  of  Markets,  during  the  coming  year. 

During  the  period  from  January  1,  1020,  to  December  31,  1920,  Counsel  of 
the  Department  transmitted  to  the  Attorney-General  for  the  Division  of  Foods 
and  Markets  242  cases,  some  of  these  eases  covering  a  number  of  violationa 
During  the  same  period  there  was  collected  in  penalties  and  costs  by  the 
Attorney-General,  on  account  of  cases  which  the  Counsel  had  sent  to  his  office, 
the  sum  of  $4,536.    Cases  submitted  were  as  follows: 

Cold  Storage   152 

Pure  Food   (Art.  8) 14 

Vinegar    (Art.  4) 63 

Milk  License    2 

Action  on  bond 2 

Weights  and  Measures 0 

Total 242 

Penalties  collected    $4,536 


Eugene  H.  Pobteb 

Comm%89i(mer 
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BUREAU  OF  UASEETB  AND  8T0BA0E 

During  the  period  covered  by  this  report  the  routine  work  of  the  bureau 
pertaining  to  the  enforcement  of  the  cold  storage  k^ws,  the  compilation  and 
monthly  publication  of  the  amounts  of  foodstuffs  held  in  storage,  the  investi- 
gation of  grievances  and  complaints  on  the  part  of  shippers  and  others 
against  transportation  companies  and  dealers,  the  rendering  of  assistance  in 
the  preparation  and  submission  of  claims  for  loss  and  damage  of  shipments, 
the  general  supervision  of  the  issuance  of  the  market  reports  prepared  by 
the  New  York  and  Buffalo  offices  of  the  Division,  the  disseminating  of 
information  on  marketing  subjects  by  means  of  correspondence  and  puUica- 
tiona,  and  the  holding  of  hearings  and  conferences  on  marketing  subiecte, 
was  carried  on  and  was  extended  and  amplified  in  many  ways.  In  addition 
there  were  brought  to  conclusion  a  number  of  special  investigations  and 
surveys  while  others  are  still  under  way  at  the  close  of  the  period  covered 
by  this  report. 

ENF0BCEMEI7T  OF  THE  COLD  BTOBA&B  LAW 

The  cold  storage  work  of  the  bureau  has  four ' separate  phases  as  follows: 
Inspection  at  frequent  intervals  of  all  the  licensed  cold  storage  warehouses 
in  the  state;  preparation  and  submission  to  counsel  of  the  department  of 
violation  cases  resulting  from  such  inspections ;  making  <A  special  inspections 
of  unlicensed  warehouses  which  have  applied  for  licenses,  together  with  other 
special  inspections  of  unlicensed  places  when  such  inspection  is  deemed 
necessary;  and,  lastly,  compilation  and  publication  of  a  monthly  report 
concerning  the  quantity  of  foodstuffs  held  in  cold  storage  within  the  law. 

A  summary  of  the  various  activities  of  the  bureau  connected  with  the 
enforcement  of  the  cold  storage  law  is  given  in  the  following  table: 

WAREHOUSE  INSPECTIONS 

Routine  inspections  of  licensed  warehouses 1  .M4 

Special  inspections  of  unlicensed  warehouses 375 

Total  wardkouse  iDspeotions 2.319 

Number  of  violations  (in  warehouses)  reported  during  1920: 

Food  overtime W 

Marking 24 

Illegal  transfff 1 

Sanitary  conditions 2 

Total  violations  reported 121 

Number  of  violations  cases  continued  from  previous  year 4 

Total  alleged  vi6lations  investigated 125 

Number  of  cases  submitted  to  counsel  for  transmittal  to  Attorney-General 103 

Number  of  cases  investigated  and  dropped* 22 

Number  of  cases  still  under  investigation None 

Total  accounted  for 125 

Amount  of  fines  collected  during  year  by  Attorney-General  on  warehouse  cases  sub- 
mitted    S2,811  79 


*  Alleged  violations  found  on  investigation  to  ho  of  a  minor  or  technical  nature  or  of  a  sort 
where  sufficient  evidence  of  violation  could  not  be  secured. 

SHIPPING    POINT    SUBVEY 

One  of  the  important  accomplishments  of  the  bureau  during  the  year  was 
the  practical  completion  of  the  state-wide  shipping  point  survey  started  last 
year.  All  the  counties  in  the  state  have  now  been  covered  lyy  this  work 
except  Nassau  and  a  few  points  in  counties  on  the  Hudson  Kiver  for  which 
the  records  are  not  yet  complete  because  of  the  di£Sculty  in  securing  data 
concerning  the  shipments  made  by  boat.  The  information  concerning  these 
boat  shipments  will  be  available  at  an  early  date,  completing  this  part  of  the 
record..  In  Nassau  County,  however,  it  does  not  seem  possible  to  complete  the 
work  until  arrangements  can  be  made  to  supply  the  agents  of  the  bureau 
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doifl^  the  work  with  motor  or  other  transportation,  that  they  may  visit  the 
individual  farms  and  secure  data  as  to  the  amount  of  produce  hauled  to 
market  by  truck. 

As  the  result  of  this  work  the  bureau  now  has  available  fairly  accurate 
and  complete  information  for  the  season  of  1919  as  to  the  shipments  of  all 
unportant  New  York  State  crops,  except  milk,  including  quantities  shipped 
frcMu  each  station,  and  the  names  of  the  shippers.  Data  as  to  the  names 
and  location  of  all  canning  and  other  factories  and  concerning  motor  truck 
lines  are  also  included  in  the  material  availalble. 

TBAK8FOBTATION    MAITEBS 

In  April  and  May  occurred  the  acute  transportation  situation  resulting 
from  car  shortages  and  the  switchmen's  strike.  Ihe  resulting  failure  of  the 
farmers  of  the  state  to  receive  needed  supplies  of  seeds,  fertilizers,  and  farm 
machinery  bade  fair  seriously  to  curtail  the  food  production  of  the  state 
during  the  coming  season. 

In  this  emergency  the  bureau,  at  the  direction  of  Commissioner  Porter, 
went  direct  to  the  heads  of  the  various  railroads  in  the  state  and,  after 
presenting  the  seriousness  of  the  situation,  was  able  to  secure  orders  on  all 
state  roads  giving  preferential  treatment  to  all  shipments  of  seeds,  fertilizers, 
and  farm  machinery.  Letters  were  sent  to  all  county  agricultural  agents 
notifying  them  of  this  preferential  and  inviting  their  cooperation  in  reporting 
cases  ol  delayed  shipments.  The  bureau  immediately  became  a  clearing  house 
through  which  complaints  were  presented  to  the  proper  railway  officials  and 
prompt  action  secured.  As  the  result  of  these  activities  more  than  200 
complaints  were  handled,  involving  almost  that  number  of  cars  of  various 
products.  The  cooperation  of  the  railroad  officials  in  all  these  cases  was 
especially  prompt  and  gratifying. 

Later  in  the  year  the  bureau  received  a  considerable  number  of  requests  to 
trace  cars  of  cooperage  stock  delayed  in  transit,  as  well  as  a  number  ol 
fiunilar  requests  tor  cars  loaded  with  other  products.  As  the  result  of  the 
previous  experience  with  the  railroads  in  the  matter  of  seeds  and  fertilizers 
and  the  contact  which  had  thus  been  established,  it  was  possible  to  render 
much  assistance  along  this  line.  In  addition,  a  total  of  five  specific  cam- 
plaints  regarding  discrimination  in  apportioning  cars  or  inadequate  freight 
and  express  service  were  received  and  taken  up  with  the  Public  Service 
Commission. 

Prior  to  the  beginning  of  the  peach  season  the  agents  of  the  bureau,  in 
cooperation  with  the  agents  of  the  Public  Service  Commission  and  the 
agricultural  agents  of  the  New  York  Central,  made  estimates  of  the  number 
of  cars  needed  to  move  the  crop.  This  information  was  forwarded  through 
the  Public  Service  Commission  to  the  Interstate  Commerce  Commission  at 
Washington.  Promises  were  made  that  sufficient  cars  would  be  supplied,  but 
these  promises  were  not  kept  and  a  very  serious  car  shortage  resulted.  The 
state  agencies,  in  spite  of  appeals  to  the  Interstate  Commerce  Commission 
found  themselves  helpless  to  secure  relief  in  the  face  of  the  plan  by  which 
all  the  refrigerator  cars  of  the  country  were  pooled  and  apportioned  under 
the  direction  of  the  Interstate  Commerce  Commission. 

CLAIMS  AND  OOMFLAINTS 

The  majority  of  the  complaints  received  by  the  bureau  regarding  the  loss 
or  damage  of  shipments  or  failure  to  make  satisfactory  returns  for  produce 
on  the  part  of  wholesale  receivers  in  the  markets  have  to  do  with  shipments 
sent  to  either  the  New  York  Cit^  or  the  Buifalo  market  and  are  referred 
directly  to  the  offices  of  the  Division  in  these  cities  for  investigation  and 
handling.  During  the  year,  however,  six  such  complaints  were  handled 
directly  by  the  Aibiuiy  office  of  the  bureau. 

INSPBCnON   OF   FERISHABUCS 

During  the  month  the  personnel  of  the  Albany  office  on  request  made  two 
inspecticms  of  perishable  products  arriving  in  bad  condition  and  reported 
their  findings  to  the  shipper.  The  bureau  also  acted  as  arbitrator  in  one 
dispute  concerning  a  car  of  tomatoes  arriving  at  Albany  in  bad  condition. 
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Five  requests  for  inspection  of  interstate  shipmenter  were  referred  to  the 
proper  local  offices  of  the  U.  S.  Bureau  of  Markets 

SPECIAL  WOBK  IK  MOVING  THE  AFFUE  OBOP 

Another  emergency  activity  undertaken  by  the  bureau  during  the*  year  was 
in  connection  with  the  unusually  large  crop  of  apples  in  the  state.  At 
the  beginning  of  the  season  it  became  apparent  that  new  market  outlets 
must  be  opened  up  and  the  consunnption  of  apples  greatly  increased  if  the  losa 
of  a  very  considerable  portion  of  the  crop  was  to  be  avoided.  Accordingly, 
the  bureau  enlisted  the  co-operation,  of  the  newspapers  of  the  state  in  con- 
ducting a  steady  and  widespread  publicity  campaign  to  stimulate  the  con- 
sumption of  apples.  Letters  were  also  sent  out  to  the  mayors  of  all  cities 
in  the  state  urging  their  co-operation  in  securing  local  publicity  through 
motion  picture  theatres  and  other  means,  and  in  conducting  special  apple 
sales.  Various  consumers'  organizations  were  also  induced  to  aid  in  tills 
publiei^  campaign  and  a  social  |>amphlet,  '^  £at  More  New  York  State 
Apples/  was  prepared  and  given  wide  distribution  through  these  organiaa- 
tions  and  through  schools.  As  the  result  of  this  cao^ign  the  demand  for 
apples  in  the  state  was  considerably  increased.  In  addition,  further  publicity 
in  trade  papers  having  a  national  circulation,  together  with  letters  sent  u* 
market  bureaus  of  other  states,  resulted  in  expanding  the  market  for  New 
York  State  apples  outside  the  state,  as  instanced  by  the  large  number  of- 
inquiries  received  asking  for  the  names  of  New  York  apple  shippers. 

One  special  feature  of  the  activities  of  the  bureau  in  aiding  the  movement 
of  the  apple  crop  was  the  successful  effort  made  to  induce  various  chain 
store  organizations  to  buy  apples  direct  from  farmers'  organizations  and  to 
feature  special  sales  of  the  fruit  at  low  prices.  Some  stores  which  had 
never  before  handled  apples  were  induced  to  conduct  these  sales.  This 
phase  of  the  campaign  could  have  been  still  further  extended  had  there 
been  in  existence  in  the  state  more  farmers'  organizations  equipped  to  furnish 
well  packed  and  graded  apples  in  the  considerable  quantities  suited  to 
the  purchasing  needs  of  these  chain  store  systems.  The  need  for  these 
organizations,  especially  in  the  Hudson  Valley,  and  the  need  for  better 
ps^ng  and  grading  of  New  York  apples,  were  the  two  outstanding  leesons 
of  the  year  in  this  connection. 

An  incidental  part  of  the  apple  campaign  was  a  survey  conducted  in  New 
York  City  to  determine  the  existing  margin  between'  wholesale  and  retail 
prices  for  apples.  This  study  covered  411  stores  and  indicated  that  the 
retail  margin  varied  from  &4  per  cent  to  119  per  cent.  The  work  was 
carried  on  through  the  New  York  office  of  the  Division  in  co-operation  with 
the  Bureau  of  Plant  Industry. 

FCHLIO  ICARKnS 

During  the  year  questionnaires  were  sent  out  to  all  the  cities  of  the  state 
in  an  effort  to  secure  information  concerning  the  equipment,  costs,  and 
methods  of  operation  of  all  public  markets.  The  material  so  gathered  has 
been  summarized  and  tabulated,  making  available  fairly  complete  informa- 
tion concerning  existing  public  markets  in  the  state.  Progress  has  also 
been  made  in  securing  plans  and  working  drawings  of  successfully  planned 
market  buildings  in  cities  outside  the  state  with  a  view  to  having  available 
model  plans  for  such  structures  when  the  same  are  needed.  A  special 
pamphlet  has  also  been  printed  summarizing  the  advantages  and  disadvan- 
tages of  public  markets  in  the  system  of  food  distribution. 

PUBLICATIOirS 

The  following  published  material  of  the  Division  was  prepared  during 
the  year  by  the  bureau: 

Bulletin  (Foods  and  Markets  Vol.  2  No.  17),  "Egg  Marketing  —  the  Con- 
sumer's Viewpoint." 

Pamphlet,  "The  Public  Market." 

Pamj^let,  **  Proposed  Grades  for  Potatoes.^ 

Pamphlet  **  Proposed  Grades  for  Onions." 

Article  ''A  Program  for  Miaiieetisg  Reform." 
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laSaELLANEOUS  AcnviTise 

In  addition  to  the  work  alreay  deecribed  the  bureau  carried  on  a  wide 
range  of  other  activities,  the  more  important  of  which  are  as  follows: 
Surreys  of  Cattanuigus  and  Chenango  counties  with  reference  to  the  pos- 
sibilities of  developing  rural  motor  truck  routes  (carried  on  in  co-operation 
with  the  National  Automobile  Chamber  of  Comnterce) ;  the  taking  of 
moving  pictures  of  the  New  York  City  fruit  and  produce  market  (carriMi  on 
in  conjunction  with  the  New  York  cSSice  of  the  Division) ;  survey  of  barge 
canal  with  reference  to  transportation  of  agricultural  products  (carried 
on  partly  by  the  agents  of  the  bureau  and  partly  by  agents  of  the  Division ) ; 
an  investigation  of  the  municipal  recreation  piers  of  New  York  City  with 
reference  to  the  poesibility  of  using  same  for  handling  food  products;  an 
investigation  of  the  business  of  the  Clarkson  Mitt:  Company  of  Troy,  N.  Y. ; 
and,  lastly,  the  preparation  of  tentative  state  grades  for  onions  and  potatoes. 

BUREAU  OF  OOOPEBATIVS  ABSOOIATIOMB 

During  the  year  this  Bureau  has  been  instrumental  in  organizing  136 
associations.    Nineteen  different  lines  of  activities  are  represented  as  foUows: 

Amons  iHtxiucen: 

Maple  |Ht»ductB 17  Grapes g 

Dairy  products 7  Market  gardeners 3 

Potatoes  and  cabbage 21  Hay } 

Canning  craps 11  Cattle  breeders 1 

Wool 9  Swine  breedefs 1 

ftmi 20  Teasel  nowers J 

o»ts 1  To  purchase  supplies *J 


Hooey  producers 6        To  manufacture  shoes 1 


10 

Housing 1 

Restaurant 1 

In  taking  care  of  necessary  follow-up  work  with  associations  or|^ 

Sreviously  and  in  accomplishing  the  above  outlined  work,  271  meetings  were 
eld,  25&  conferences,  and  16  special  investigations  were  made  by  the  Bureau. 
This  does  not  include  the  meetings  and  conferences  attended  by  the  Director, 
or  the  Oragnizer  established  at  the  New  York  office. 

The  great  problem  of  the  Bureau  at  the  present  time  is  not  creating  new 
organ ixat ions,  but  in  keeping  the  trend  of  co-operative  marketing  in  the 
proper  channel.  Besides  the  usual  directing  work  of  the  Bureau,  efforts  have 
been  largely  along  that  line,  attending  conferences  with  the  leaders  of  different 
lines  of  activity,  assisting  them  to  shape  the  {nroper  policies  for  the  beet 
conduct  of  their  particular  associations  and  seeing  that  new  organizations 
based  on  state-wide  endeavors,  were  planned  on  a  basis  that  would  bid  for 
their  success. 

After  July  1,  the  staff  was  increased  by  the  addition  of  an  accountant, 
who  since  (hat  time  has  held  7  meetings  and  18  conferences,  and  has  estab- 
lished accounting  systems  for  19  associations.  Associations  organized  under 
the  three  co-operative  laws  make  annual  reports  to  the  Department. 

A  motion  picture  film  illustrating  the  organization  and  methods  of  operat- 
ing co-operative  packing  houses  and  the  sale  of  fruit  was  developed  under 
iht  auspices  of  this  Bureau.  The  film  was  shown  at  least  fifty  times  in 
the  western  fruit  section  of  the  State,  in  the  Hudson  Valley,  and  at  the 
New  York  State  College  of  Agriculture  and  the  secondary  sdiools.  It  was  a 
very  strong  factor  in  the  establishment  of  the  packing  houses  throughout 
western  New  York. 

Organization  work  is  being  conducted  by  the  Bureau  as  follows: 

CHAUTAUQUA  GHAFB  BELT 

In  the  reorganization  of  the  old  Chautauqua  and  Erie  Grape  Growers'  Asso- 
ciation, which  had  been  operated  as  a  stock  corporation,  there  have  been 
organized  seven  local  associations,  which  have  in  turn  organized  a  central 
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sales  association,  all  under  Article  13-A.  During  the  season  just  past,  1,400 
carloads  of  grapes  were  sold  by  this  association,  its  business  amounting  to 
$4,000,000.  The  average  price  was  about  $130  per  ton,  in  contrast  to  the 
price  of  $100  received  <^  the  growers  in  unorganized  territory,  the  difference 
in  price  representing  the  extra  middlemen's  profit.  So  much  difficulty  was 
experienced  by  this  association  in  obtaining  packages  in  which  to  market 
grapes,  and  the  exorbitant  prices  demanded  by  manufacturers,  that  they  orga- 
nized and  incorporated  a  package-manufacturing  association  under  Article  9, 
which  is  operating  at  the  present  time,  and  has  been  instrumental  in  a  very 
material  reduction  in  prices  demanded  by  outside  manufacturers. 

CANXINO  CROP  GBOWER8 

.  Due  to  insufficient  and  ununiform  prices  paid  to  canning  crop  growers 
throughout  the  state  for  their  products  came  about  the  demand  for  organiza- 
tion among  canning  crop  growers.  Two  county  associations  organized  in 
1919,  ten  county  associations  in  1920,  and  the  state  association  was  created 
by  the  twelve  county  associations.  The  state  association  recommended  a 
uniform  contract  to  be  issued  by  each  of  the  county  associations  in  the  sale 
of  their  products  to  the  canning  companies.  Uniform  prices  for  standardized 
products  of  the  same  quality  were  also  recommended.  The  state  association 
disseminated  marketing  information  to  each  of  its  county  mem4[)ers.  It  is 
estimated  by  leading  authorities  throughout  the  state  that  the  canning  crop 
growers  saved  about  $1,000,000  during  the  season  through  this  organization. 

FRUIT  GROWERS 

Twenty-two  central  packing  houses  were  operated  in  the  western  part  of  the 
state.  These  associations  graded  to  a  common  standard  and  sizing.  During 
May,  there  was  organized  atid  incorporated  the  Western  Xew  York  Fruit 
Growers  Packing  Association  which  was  destined  to  be  a  central  sales  agency 
for  the  central  packing  association  in  the  western  New  York  fruit  belt. 
Through  this  channel  the  packing  of  fruit  of  each  of  the  member  associations 
was  supervised  by  a  manager  who  visited  the  different  associations  regularly 
during  the  packing  season.  This  brought  about  a  thoroughly  uniform  pack. 
These  associations  have  been  celling  apples  to  one  of  the  leading  chain  store 
organizations  during  the  past  season  with  very  satisfactory  results;  prices  to 
the  members  have  ranged  from  50  cents  to  $1  per  barrel  more  for  this  stand- 
ardized fruit  than  was  obtained  by  unorganized  growers.  Two  associations 
were  organized  in  the  Hudson  Valley  which  are  preparing  for  the  1931  season. 

POTATO  MARKETmO 

Seventeen  local  associations  were  established  in  central  New  York.  Repre- 
sentatives of  these  associations  organized  and  incorporated  a  central  sales 
association  to  handle  the  business  at  the  locals.  A  manager  was  employed  by 
the  Central  Sales  Association  and  opened  an  office  in  October  at  Cortland. 
During  the  season,  in  which  there  was  very  little  demand  for  potatoes,  this 
association  reports  an  average  saving  to  its  members  of  12%  per  cent.  This 
association  also  handled  a  large  number  of  cars  of  cabbage  until  market  con- 
ditions became  so  bad  that  cabbage  could  not  be  moved. 

MAPLE   SAP  FBODUCISBS 

The  success  of  a  county  association  organized  to  handle  the  1919  crop  led 
to  organization  in  four  counties  to  handle  the  1920  crop.  One  association 
made  a  saving  to  their  members  of  85  cents  per  gallon;  another  was  able  to 
procure  for  the  standardized  products  of  its  members  75  cents  per  gallon  more 
than  was  being  paid  unorganized  producers  in  that  county.  Another  pur- 
chased a  building  and  equipped  it  with  modern  bottling  machinery.  Synip  is 
going  out  from  this  orgcmization  in  glass  and  under  a  brand  ana  trademark 
name. 

During  November  and.  December,  fourteen  local  associations  were  organized 
and  incorporated  in  northern  New  York  to  handle  the  1921  crop  of  its  mem- 
bers. About  this  time  there  came  about  a  state  committee  of  producers  who 
were  working  on  plans  for  a  state  or  national  sales  organization. 
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During  1920  twelve  county  associations  and  a  state  association  have  been 
organized  and  incorporated.  The  state  association  has  offices  in  Syracuse  and 
is  conducting  a  campaign  through  which  they  expect  to  organize  fifteen  or 
more  counties.  The  purpose  of  the  organization  at  present  is  to  stabilize 
prices,  grades,  and  packages,  and  to  inxprove  distribution  and  marketing 
conditions.  At  the  present  time  all  of  the  locals  are  purchasing  supplies  for 
their  members. 

WOOL   GROWERS 

Xine  county  associations  have  been  incorporated  by  this  Bureau  during 
1920,  each  one  of  the  county  associations  becoming  members  of  the  State 
Federation.  The  Federation  engaged  a  grader  and  general  manager  for  the 
1920  season.  Through  him  the  ofiicers  of  the  Federation  brought  about  a 
successful  pool  of  nearly  500,000  pounds  of  wool  belonging  to  the  member 
associations.  This  wool  has  been  stored  in  a  G.  L.  F.  warehouse  at  Syracuse, 
where  it  has  been  graded  ready  for  sale  to  manufacturers  who  buy  entirely 
by  grades. 

WORK  AMONG  CONStrM£HS  GROUPS 

July  1st,  two  organizers  who  were  specialists  In  consumers'  cooperative 
organizations  became  connected  with  the  Bureau  —  one  established  at  the  New 
York  office  to  take  care  of  the  large  volume  of  work  in  Greater  New  York ;  the 
other  to  take  care  of  the  increasing  work  upstate.  A  state-wide  survey  of 
existiiig  consumers'  cooperative  associations  by  means  of  a  standardized  ques- 
tionnaire was  made  and  data  collected  and  placed  on  file  in  our  officer. 
Believing  that  the  most  effective  assistance  could  -be  given  cooperative  societies 
by  providing  for  sound  methods  of  administration,  a  great  deal  of  data  was 
collected  and  disseminated  on  store  management,  bookkeeping  and  accounting, 
bonding  and  market  information.  A  special  study  of  cooperative  housing  Was 
made  and  a  special  pamphlet  presented  as  a  guide  to  groups  of  people  con- 
templating cooperative  housing. 

Outside  of  New  York  City,  seven  cooperative  stores  were  organized  and 
incorporated.  In  New  York  City  seven  cooperative  organizations  were  incor- 
porated. The  New  York  City  organizer  also  held  76  meetings  and  290  con- 
ferences with  groups  of  people  interested  in  cooperative  organizations.  The 
assistance  given  to  existing  cooperative  associations  has  greatly  increased 
their  efficiency  in  conducting  their  business.  The  New  York  organizer  has  been 
instrumental  in  putting  many  of  the  cooperative  stores  in  direct  contact  with 
producers'  organizations  from  which  they  have  purchased  supplies. 


BUREAU  OF  WXI0HT8  AND  MEABTTBE8 

Tliis  Bureau  is  charged  with  the  enforcement  of  certain  sections  of  the 
General  Business  Law,  in  accordance  with  which  the  Bureau  must  conduct 
a  certain  amount  of  routine  inspection,  the  principal  ones  being  as  follows : 

1.  Testing  of  weiffhing  and  measuring  devices  used  in  checking  the  receipt 
and  disbursement  oi  supplies  in  the  state  institutioos. 

2.  Inspection  of  the  work  done  by  city  and  county  sealers. 

3.  Inspection  and  calibration  of  the  standards  used  by  city  and  coiinty 
sealers. 

4.  Making  of  tests  on  all  weighing  and  measuring  devices  submitted  by 
manufacturers  and  issuing  certificates  of  approval  before  such  devices  can  be 
said  or  used  in  the  State  of  New  York. 

The  forgoing  work  has  been  carried  out  and  results  obtained  have  been 
compiled  and  tabulated  and  are  attached  to  this  report. 

The  primary  object  of  the  Bureau  of  Weights  and  Measures  is  protection 
against  inaccurate  or  false  weight  and  measure,  and  this  Bureau  endeavors 
to  secure  such  protection  for  every  citizen,  whether  he  be  producer,  nuinu- 
faeturer,  merchant  or  consumer.  This  particular  pl^Ase  of  the  work  brings 
the  general  public  and  the  weights  and  measures  officials  together  on  a  basis 
ttf  better  unosrstanding  regarding  weights  and  measures  laws  and  regulatipns, 
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a  condition  which  should  exiet  if  hope  may  be  entertained  for  univereally 
accurate  weights  and  measures. 

The  following  is  a  brief  resume  of  some  of  the  special  investigations  con- 
ducted during  1920. 

MILK    RECEIVINO   STATIONS 

This  Bureau  received  a  number  of  requests  to  take  up  the  methods  of  weigh- 
ing milk  at  creameries  and  milk-receiying  stations. 

Upon  examination  of  the  scale  used  by  one  receiving  station  it  was  found 
that  one  of  the  bearings  was  broken,  which  caused  a  shortage  of  two  pounds 
on  each  weighing  made.  In  another  case  it  was  found  that  the  scale  was 
not  sensitive  enough,  due  to  hard  usage  and  dull  bearings. 

Upon  receiving  a  request  from  The  Bryant  &  Chapman  Company  of  Miller- 
ton,  Dutchess  (X»utity,  N.  Y.,  this  Bureau  investigated  and  tested  scales  of 
this  company  located  at  their  milk-receiving  station  at  Salt  Point,  Dutchese 
County.  The  scale  at  Salt  Point  was  causing  a  loss  to  the  milk  company 
of  seven  pounds  on  each  weighing  being  made.  This  scale  was  ordered 
repaired.  At  Cooks  Siding,  Columbia  County,  the  scale  owned  by  the  Bryant 
&  Chapman  Company  was  found  to  be  accurate.  At  the  Silvemails  plant  of 
the  Bryant  ft  Chapman  ^Company,  Columbia  County,  the  scale  in  use  was  found 
to  be  causing  a  loss  of  three  pounds  to  the  company  on  each  weighing  made 
over  the  scak  located  at  this  plant. 

Complaint  was  received  by  this  Bureau  from  a  farmer  in  Cayuga  County 
r^rarding  the  scale  used  at  a  milk-receiving  station  located  at  Martville, 
N*.  Y.  Upon  investigation  it  was  found  that  the  scale  used  at  this  place  of 
buainess  was  accurate.  However,  upon  testing  the  scale  of  the  complainant 
it  was  found  that  it  was  not  at  all  dependable. 

BAILBOAD  TRACK    SCALES 

A  special  investigation  and  test  was  made  of  a  wagon  scale  owned  and 
operated  by  a  dealer  and  buyer  in  feed  and  grain  located  in  Ota^o  County. 
Upon  investigation  it  wa«  found  that  the  scale  was  old  and  in  verv  poor 
condition.  A  4,000-pound  load  on  the  scale  showed  a  loss  to  the  seller  of 
200  pounds.  It  is  readily  seen  that  scales  in  this  condition  when  used  by 
merchants  and  buyers  in  rural  districts  where  wagon  scales  are  not  at  all 
common,  would  cause  a  number  of  farmer  to  suffer  a  large  financial  loss. 
As  a  result  of  our  inspection  the  scale  was  adjusted  for  temporary  use  and 
the  owner  has  since  replaced  it  with  a  new  up-to-date  accurate  scale. 

HOUSE   SCALES 

Upon  the  request  of  a  potato  buyer  of  Warren  County,  this  Bureau  investi- 
gated and  tested  the  scales  used  in  the  freight  house  of  the  D.  &  H.  R.  R. 
Company  at  Thurman,  K*.  Y.  Inspectors  from  this  Bureau  found  that  this 
scale  was  practically  correct  with  the  exception  of  some  faulty  weights. 
One  of  the  weights  belonging  to  another  scale  was  being  used,  with  the  result 
that  an  error  of  1,000  pounds  was  made  on  every  weighing  over  3,000  pounds. 
The  loss  to  the  shipper  in  this  particular  case  was  $330.  Through  the  efforts 
of  this  Bureau  the  potato  buyer  was  able  to  make  an  adjustment  with  the 
farmers  from  whom  he  purdiased  the  potatoes.  The  weight  in  question 
was  confiscated  by  the  inspector  of  this  Bureau  and  the  railroad  officials 
notified  regarding  the  carelessness  of  the  employee  responsible  for  this 
condition. 

SHOBT  WEIGHT  POTATO  CASE  DUE  TO  FAULTY  SCALE 

A  Paterson,  N.  J.,  produce  company  complained  to  this  Bureau  regarding 
a  shipment  of  potatoes  from  Apalachin,  N.  Y.  Our  investigations  disclosed 
the  fact  that  the  scales  used  in  the  sale  of  potatoes  in  this  case  had  been 
broken  and  repaired  by  someone  not  familiar  with  the  construction  of  scales. 
It  developed  that  on  each  100-pound  weighing  made  on  these  scales  there 
was  an  error  made  of  8  pounds.  The  scales  were  condemned  for  repairs  and 
a  satisfactory  adjustment  between  seller  and  buyer  made. 

INVESTIGATION  OF  BALE  OF  BEBBIBB  TO  OANNEBIBS 

More  than  400,000  quarts  of  berries  were  inspected.  A  number  of  variations 
were  found,  some  being  short  measure  and  some  over.    An  official  of  one  of 


Akvual  Rbpobt  47 

the  canneries  fttated  that  the  inveBtigation  had  saved  his  firm  over  $600. 
On  the  other  hand,  a  great  many  of  the  growers  expressed  their  aatisfaction 
due  to  the  fact  that  some  canneries  were  insisting  on  more  than  20  ounces 
to  the  quart,  which  was  Uie  amount  for  which  their  contracts  called. 

MBTHOD  or  SiELUNO  GBAPBS 

This  investigation  wae  conducted  in  the  Keuka,  Westfield,  and  Fredonia 
districts,  the  purpose  beinf  to  secure  data  which  would  aid  the  Bureau  in 
the  formulation  of  a  r^iuation  covering  this  particular  commodity.  The 
inquiry  showed  such  regulation  is  needed  on  accoimt  of  the  wide  variation 
due  to  moisture  and  trade  customs  in  the  dilBTerent  localities. 

PEBSONAL  WEIOHINO  SCALE  INVESTIGATION 

A  state-wide  investigation  was  conducted  regarding  the  accuracy  of  per- 
sonal weighing  scales,  sometimes  referred  to  as  penny-in-the-slot  weighing 
dsvices.  Whenever  the  inspector  found  these  scales  not  weighing  accurately 
they  were  condemned  and  ordered  removed  imtil  repaired.  It  was  found 
that  only  60  per  cent  of  the  personal  weighing  scales  inspected  were  correct. 
The  variation  of  errors  noted  ranged  from  3  pounds  to  15  pounds  on  a 
100-pound  test.    Twelve  different  types  of  scales  were  tested. 

statb-wuhb  coal  invbbtioation 

During  the  late  fall  of  1920  this  Bureau  conducted  an  investigation  resard- 
ing  the  methods  and  practices  employed  in  the  sale  of  coal.  Of  the  Ijoads  of 
coal  reweighed,  77  per  cent  were  found  to  be  correct,  17  per  cent  were  found 
to  be  short  weight,  and  6  per  cent  of  the  loads  reweighed  were  slightly  short 
weight.  Four  cases  were  found  which  warranted  prosecution  and  were  tJiere- 
fore  submitted  to  the  Attorney-Greneral's  office. 

BEWEIGHINQ  OF  FOOD  PACKAGES 

Each  state  weights  and  measures  inspector  is  instructed  to  reweigh  as 
many  packages  about  to  be  delivered  by  grocers  and  butchers  as  time  and 
rircumstances  will  permit  while  he  is  engaged  in  his  regular  infection  of 
the  weighing  and  measuring  devices  in  such  places  of  business.  In  addition 
to  this  a  special  investigation  was  made  in  one  of  the  larger  cities  with  the 
result  that  32  per  cent  of  the  packages  of  food  about  to  be  delivered  to  the 
purchasers  were  found  to  be  incorrect  in  either  weight  or  measure. 

EDUCATIONAL   MATEIUAL  PtTBLISHSD  DURING   1920 

During  the  first  part  of  the  year  this  Bureau  prepcured  a  booklet  known 
as  "Through  the  Door  of  Thrift  by  the  Way  of  Accurate  Weights  and 
Measures.'^  This  booklet  contained  weights  and  measures  information  use- 
ful to  housewives  and  others,  including  teachers  of  home  economic  classes 
from  whom  we  have  several  hundred  letters  containing  favorable  eomments 
and  expressions  of  appreciation. 

An  organization  bulletin  known  as  "The  Sealers'  Monthly  News  Letter" 
was  prepared  by  this  office  each  month  and  copies  sent  to  each  sealer  in  this 
state,  the  primary  purpose  being  to  stimulate  interest  and  proper 
eoordination. 


Important  conferences  relating  to  weights  and  measures  activities  were  held. 
The  jHincipal  ones  were  two  conferences  held  with  representatives  of  the 
baking  industry  with  uniform  and  desirable  legislation  as  the  object. 

A  conferenee  with  the  committee  of  city  and  county  sealers  of  weights  and 
measures  regarding  l^slation  was  also  held. 

The  Bureau  assist^  in  the  annual  convention  of  the  New  York  Stats 
Sealers  of  Weights  and  Measures  Association,  which  was  held  in  the  AssemUy 
Chamber  of  the  Capitol  during  June. 

F808BCUTI0N8 

Sfventeai  cases  have  been  submitted  to  the  Attorney-General  for  prosecution. 

In  addition  to  these  prosecutions,  this  Bureau  assisted  the  local  county  tad 

e%  sealers  of  weights  and  measures  in  prosecuting  a  number  of 
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LABOBATQBY  TESTS 

The  following  list  of  apparatus  has  been  inApected,  tested,  and  passed  upon 
in  the  laboratory  during  the  past  year.  These  tef^  are  known  as  precision 
tests  and  consist  in  comparing  the  apparatus  submitted  for  test  with  the 
state  standards  and>  where  possible,  in  adjusting  such  apparatus  to  within 
stated  tolerances. 

Scales 32 

Weights 772 

MeMures. 272 

Misoellaneous 44 

Total 1 ,  120 


BUBEAU  OF  FOOD  PBODUOTS 

The  activities  of  the  Bureau  of  Food  Products  have  to  do  with  the  enforce- 
ment of  the  law  against  the  adulteration  and  misbranding  of  food  products 
and  requires  the  making  of  inspections  of  retail  stores,  vinegar  plants,  food 
manufactories,  restaurants,  and  other  places  where  food  is  prepared  or  sold. 
These  inspections  include  the  taking  of  samples  for  laboratory  tests,  the  mak- 
ing of  cases  for  violations  of  the  law  and  reporting  same,  and  the  informing 
of  manufacturers  and  retailers  an  to  the  rules  and  regulations  concerning 
the  food  products  handled. 

During  the  year  1920  there  were  12,220  store  inspections  made  by  the  agents 
of  this  bureau.  The  following  table  shows  the  number  of  food  commodities 
sampled,  of  which  there  were  2,553  submitted  to  the  laboratories  for  analysis : 


Commodity 


Allroice 

Apple  butter 

Allies,  ch(qp» 

Apples,  dried 

Aisles,  pomace 

Apples,  skins  and  cores. 

Apricots,  dried 

Baking  powder 

Beverages 

Bread 

Buckwheat  flo\ur 

Caponatina 

Catsup 

Cherries 

Chocolate 

Cinnamon 

Citric  add 

Cloves 

Coooa 

Coooanut 

Codfish 

Coffee 

Coffee,  condensed 

Consultation 

Cranberries,  dried 

Cream  tartar 

Cream  whip 

Currants 

EflSi  powdered 

Egg  substitute 

Fam-Iy-ade 

Figs 

Flavors 

Fruited  oats 

Fruited  wheat. . .  1 . . . .  ^ 

Gelatin 

Ginger 

Honey 

Ice  cream 

Jam..-. 

JeUy.: f 

Jelly  powder. 

Kream  krisp 

Macaroni 

Mace 

Maple  iti 

Maple  sugt^r 

Maple  syrup 

Marahmallow 

Meat 

Meat,  potted 


Number 

20 

14 

2 

118 

1 

7 

59 

107 
310 

33 
1 
1 

45 
1 

31 
5 
1 
1 

10 

21 
1 

77 
3 
1 
1 
1 
1 

39 

14 
102 
2 
6 
8 
1 
1 

29 

1 

110 

26 
8 
6 

a 
1 

88 
2 
1 

98 

112 

1 

22 
2 


Commodity 


Mesene , 

Mustard 

Mustard,  prepared. . . 

My-T-fine 

Nectarines 

Noodles 

Nutmeg 

Oil,  taUe 

Olives , 

Oyster  broth  powder . 

Paprika 

Peach  butter 

Peaches,  dried 

Peanut  butter , 

Pear  butter 

Pears,  dried , 

Pectin 

Pepper 

Pepper,  red 

Pickles 

Pie  crust 

Pie  filling 

Pimentoes 

Preservative 

Primes , 

Pudding  powder . . . . . 

Raisins 

Relish 

Saccharin  tablets.  . . . 


Sage. 
Sakd. 


dressing 

Salad,  egg  plant .... 

Sauoe 

Sauerkraut 

Shortening 

SoH 

Sauersalt 

c5ugar 

Syrup 

Tomato,  canned . 

Tomato  paste 

Tomato  pulp 

Tomato  sauce 

Tryphosa 

Turtnerio 

VaniUa 

Vegetable  compound . 
Vegetables,  dried . . . , 

Vinegar 

Yeast 


Number 

1 

38 
7 
1 
1 

23 
3 

89 

13 
1 

13 
I 

78 
6 
1 

18 
1 

59 

3t 
3 
1 

12 
1 
1 

35 
2 

76 
1 
3 
8 
3 
1 
4 
1 
1 
1 
3 
3 

11 
3 

88 
1 

25 
1 
1 
5 
1 
1 
809 

10 
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INSPECTIONS  OF  STORAGE  EGO  SALES 

In  addition  a  total  of  1,558  inspections  for  the  purpose  of  checking  th%, 
fraudulent  sale  of  storage  eggs  in  retail  stores  were  made  by  the  department's 
agents  in  New  York  City  and  65  violations  were  referred  to  the  Attorney- 
General,  14  of  which  were  still  pendincr  in  court  on  January  1,  1921.  Samples 
to  the  numlier  of  232  were  taken.  The  penalties  collected  in  cases  made  by 
the  department  against  retail  grocery  stores  in  New  York  City  for  selling  cold 
storage  eggs  without  labeling  them  as  such,  amounted  to  the  end  of  the  year 
to  nearly  $1,200.  Follow-up  cases  numbering  167  are  now  receiving  the  atten- 
tion of  our  agents. 

Vinegar  factories  have  been  inspected  and  samples  of  their  output  have  been 
taken  and  submitted  for  analysis.  Tests  for  acidity  of  the  miscellaneous 
samples  of  vinegar  sent  in  by  individual  farmers  have  been  made  and  reported 
upon. 

In  cooperation  with  the  Bureau  of  Food  Standardization,  special  attention 
has  been  paid  to  the  collection  and  analysis  of  the  following  food  commodities : 
vinegar,  maple  sugar,  maple  syrup,  honey,  honey  compounds,  table  oils,  peanut 
batter,  soft  drinks  and  other  beverages,  compressed  yeast,  gelatin,  egg  substi- 
tutes, and  baking  powder,  and  to  the  labeling  of  various  dried  fruits.  Where 
vitiations  of  the  law  have  been  found  cases  have  been  forwarded  to  Counsel 
off  the  Department  for  such  consideration  as  the  facts  may  warrant. 

i^necial  attention  is  called  to  the  fact  that  in  order  to  interpret  the  pure 
food  laws  of  the  State  and  to  show  the  correlation  'between  these  laws  and  the 
federal  regulations,  the  Council  of  Farms  and  Markets  has  adopted  d\iring 
the  year  a  set  of  definitions  which  will  assist  both  large  and  small  manufac- 
turprs  of  food  nroducts  to  comply  with  the  law  with  regard  to  content  and 
labeling  of  products.  A  copy  of  these  definitions  was  published  in  "Foods 
and  Markets  "  for  November,  1920. 


BUREAU  OF  rOOD  STAMDABDIZATION 

Samnles  received  by  the  Bureau  of  Food  Standardization  from  the  Depart- 
ment for  examination  during  the  year  1920,  numbered  2.959.  All  of  the.sc 
have  been  tabulated  to  show  the  nature  of  the  material  examined  each  month 
and  the  amount  of  each  received  during  that  period.  Important  indi\ndiial 
suhie^'ts  and  the  chemical  work  done  on  them  have  1:een  tabulated  in  separate 
individual  sections  of  the  report  but  these  tabulations  cannot  he  reproduced 
here  owing  to  space  restrictions.  Same  are  on  file  in  the  Department,  how- 
ever, and  open  to  public  inspection. 

Expenditures  for  the  laboratory  personnel  show  a  marked  decrease,  the 
total  for  the  fiscal  year  1920-21 'being  less  by  more  than  1^8.700  than  the 
appropriation  for  the  same  purpose,  the  fiscal  year  1918-19. 

From  the  Finance  Bureau  of  this  Department  a  statement  has  been  secured 
for  the  last  six  years  of  the  actual  cost  for  rent  of  chemical  laboratories  and 
salaries  paid  chemists  engaged  therein,  as  follows: 

Tear  Amount  Paid 

1916-17  $19. 770  00 

1917-16 20,  000  00 

1918-19  24.  530  00 

1919-20  18. 250  00 

1920-21  less  than 15,  756  6.3 

OONFERKNCES 

Important  conferences  with  representatives  of  the  baking  powder  manufac*. 
tnrers  of  the  country  were  held  on  February  9.  2.3,  and  25.  The  Director  of 
the  Bureau  nrssented  to  these  conferences  a  definition  and  standard  for  baking 
powder^  with  which  all  baking  powder  makers  should  comply.  At  the  con- 
clusion of  these  conferences  a  definition  was  framed  which  was  acceptable  to 
all  the  manufacturers  and  their  representatives  present,  and  which  the  Director 
of  the  Bureau  agreed  to  recommend  to  the  Department  for  approval  and  for 
enforcement  in  this  state. 
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The  Director  of  the  Bureau  was  also  present  on  March  12  and  19  at  confer- 
ences which  the  Commissioner  of  Foods  and  Markets  had  called  with' repre- 
sentatives of  the  dried  fruit  manufacturers.  The  object  of  this  conference  was 
to  reach  some  agreement,  if  possible,  as  to  the  percentage  of  moisture  and 
sulphur  dioxide  which  should  be  permitted  in  such  products.  The  stenographic 
notes  of  what  was  accomplisfacKl  has  ibeen  reported,  but  unfortunately  no 
definite  decision  was  arrived  at  in  regard  to  the  nuiin  questions  at  issue. 

During  the  year  the  Director  has  l^n  called  at  various  times  to  be  present 
at  conferences,  which  had  been  requested  by  manufacturers  or  their  attorneys 
with  the  counsel  of  the  Department,  with  reference  to  products  which  had  bten 
found  by  the  Department  to  be  misbranded  or  adulterated. 

Court  appearances  for  the  Department  during  the  year  were  six  in  numlbery 
these  being  prosecutions  of  oleomargarine,  milk,  and  vinegar  casee^ 

OONCLUBIONB 

It  is  believed  that  a  careful  constant  inspection  of  food  articles  offered  for 
sale  in  the  state  and  careful  examination  of  auch  material  in  the  laboratories 
are  absolutely  essential  for  the  state,  if  the  purity  of  its  food  products  ie  to 
be  maintained.  Although  no  gross  or  poisonous  adulterations  of  foods  have 
been  discovered  during  the  year  1920,  the  work  of  the  year  will  show  many 
cases  of  misbranding  and  petty  efforts  to  deceive  the  piiblic  and  iUvTcase  the 
price  of  a  commodity  by  some  false  labeling. 

BBP0RT8  0(N  VABIOTTS  FOOD  PBODXTCTB 

Baking  Poufder 

With  reference  to  the  definition  adopted  by  the  Council  for  baking  powder, 
it  was  thought  that  a  much  fairer  definition  than  the  one  adopted  by  the 
United  States  Department  of  Agriculture  could  be  formulated  for  this 
state,  and  after  conferences  with  representatives  of  nearly  all  the  interests 
concerned  in  the  manufacture  ol  baking  powders  a  definition  was  agreed  upon 
which  was  entirely  satisfactory  to  all  of  the  ibaking  powder  interests  repre- 
sented, except  in  one  particular.  This  one  particular  was  in  the  amount  of 
available  carbon  dioxide  which  should  be  required.  This  Department  hnd 
suggested  12  per  cent  to  conform  in  this  particular  to  the  Federal  standard. 
Some  of  the  manufacturers  would  have  preferred  a  10  per  cent  standard. 

The  definition  which  was  promulgated  and  which  was  afterwards  approved 
by  the  Council  of  Farms  and  Markets  is  as  follows: 

Baking  powder  is  a  leavening  mixture  compound  of  acid  reacting  con- 
stituents and  alkaline  carbonates  in  proper  propc^tions  to  liberate  car- 
bon inert  material  which  tends  to  prevent  premature  chemical  reaction 
between  the  first  mentioned  constituents. 

It  should  yield  not  less  than  twelve  per  cent  (12%)  of  available  carbon 
dioxide. 

Any  leavening  mixture  composed  of  the  constituents  stated  above, 
manufactured  to  yield  less  than  twelve  per  cent  (12%)  of  available  car- 
bon dioxide,  must  contain  on  the  label  of  each  package  a  plain  state- 
ment of  the  minimum  amount  of  available  carbon  dioxide  which  it  will 
yield. 

Among  the  acid  reacting  materials  used  in  baking  powder  are:  (1)  tar- 
taric acid  and  or  its  acid  salts,  (2)  acid  salts  of  phosphoric  acid,  (3)  so- 
dium aluminium  sulphate  or  aluminium  sulphate,  (4)  combinations  of 
classes  (2)  and  (3). 

It  was  also  afirreed  at  the  conference  with  the  representatives  of  the  baking 
powder  manufacturers  that  the  Department  would  also  require  that  baking 
materials  should  be  as  free  from  metallic  impurities  as  it  was  feasible  for  the 
manufacturers  to  make  them.  The  tolerances  or  limits  to  be  permitted  for 
arsenic,  lead,  sine,  flourid  or  other  similar  material  would  be  accepted  and 
established  the  same  as  such  limits  estwblifthed  by  the  United  States  Depart- 
ment whenever  such  limits  should  be  definitely  fixed. 

By  the  c^cial  method  sixty-five  of  the  106  samples  of  bakinff  powder  show 
a  percentage  of  available  carbon  dioxide  under  12  per  cent,  39  show  a  per- 
centage of  availaible  carbon  dioxide  under  10  per  cent. 
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By  the  modified  method,  described  above,  51  samples  of  the  106  show  avail- 
able carbon  dioxide  imder  12  per  cent  and  25  show  available  carbon  dioxide 
under  10  per  cent. 

In  this  class  of  materials,  under  the  Xcw  York  State  law,  the  law  has  been 
interpreted  to  require  that  all  constituents  shall  be  named  on  the  label.  On 
three  of  the  samples  submitted  during  the  year  no  constituents  were  given. 

Beverages 

The  laboratory  has  received  and  examined  during  the  year  310  samples  of 
beverages  or  so-called  soft  drinks.  In  all  cases  determinations  have  been  made 
(rf  the  specific  gravity  of  the  material  at  20  degrees  centigrade,  of  the  amount 
of  solids,  of  the  acidity  (this  acidity  calculated  as  citric,  malic  or  tartaric 
acids),  of  preservative  and  saccharin,  and  for  any  added  color.  The  results 
of  these  determinations  have  been  tabulated  and  are  on  file. 

A  definition  of  fruit  juice  beverages  has  been  approved  by  the  Council  of 
Farms  and  Markets,  which  in  part  reads  as  follows: 

The  name  of  a  fruit  when  used  in  conjunction  with  such  terms  as  adc, 
squash,  punch,  crush,  and  smash  can  bie  correctly  applied  only  to  bev- 
erages, either  still  or  carbonated,  which  contain  the  fruit  or  juice  of  the 
fruit  named.  Such  terms  should  not  be  applied  to  products  flavored  only 
with  essential  oils  or  essences. 

Of  this  class  of  materials  during  the  year  the  tabulation  shows  the  resultn 
of  the  examination  of  68  samples  of  orange -crush,  fourteen  samples  of  lemon - 
crush,  eleven  samples  of  orange-squeeze,  thirteen  samples  of  grape  smash,  and 
one  sample  of  cherry  smash. 

A  defitnition  for  "  phosiphate  beverages  **  has  been  approved  by  the  Ck>uncil 
of  Farms  and  Markets.    This  definition  reads  in  part  as  follows: 

Examinations  of  certain  products  sold  or  labeled  as  phosphate  bever- 
ages laave  shown  the  presence  oi  little  or  no  phosphoric  acid  or  acid 
phosplxate.  A  product  sold  or  labeled  as  a  phosphate  beverage  which 
does  not  contain  an  appreciable  amount  of  phosphoric  acid  or  acid  phos- 
phate -will  be  regarded  by  the  Department  as  in  violation  of  the  food  law. 

Of  mateTials  of  this  class  the  tabulation  shows  the  results  of  the  exami- 
nation of  five  samples  of  orange  phosphate  and  four  samples  of  cherry  phos- 
phate. 

The  tabulation  also  shows  the  results  obtained  with  a  great  variety  of 
material  labeled  in  various  ways.  Nearly  all  of  these  samples  are  imitation 
products  ajid,  without  question,  ahould  be  so  labeled  and  the  label  should 
show  the  constituents  of  which  they  are  composed. 

Bread 

Thirty-three  samples  of  bread  were  analyzed.  These  samples  were  all  pur- 
chased in  Albany  and  in  nearly  every  case  the  bread  was  known  to  have  been 
purchased  in  a  fresh  condition,  in  some  cases  it  was  still  warm  from  the  oven. 
The  dates  of  these  purchases  are  included  in  the  tabulation. 

The  bread  was  weighed  in  each  case  immediately  upon  its  receipt  and  the 
weight  which  we  found  has  been  tabulated.  The  weight  was  given  on  only 
eight  of  these  samples.  The  price  is  also  given  and  the  coAt  is  figured  in  each 
ease  to  100  ounces.  It  is  interesting  to  note  from  this  tabulation  the  varia- 
tion in  the  weight  of  the  loai^es  and  the  variation  in  the  cost  price  for  the 
same  weight. 

In  the  examination  of  this  bread,  determinations  were  made  of  the  wate^ 
content,  of  protein,  of  fat,  of  ash,  of  salt  in  the  a^h,  of  salt  free  ash,  of 
acidity,  and  of  carbohydrates  and  fiber. 

Cocoa-nut 

Of  the  twenty-one  samples  of  coooanut,  received  during  the  year  1920,  at 
least  ten  have  been  labeled  to  show  sugar  when  it  was  present.  In  three 
'Tises  a?i  unsweeten«»d  cocoanut  seems  to  have  been  sold.  From  the  information 
forwarded  to  this  Bureau  with  the  other  eight  samples  there  is  nothing  to 
lium  that  tiie  eight  are  not  all  misbranded. 
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Powdered  Egga  aaid  Egg  Substitutes 

During  the  year  the  Bureau  has  been  called  upon  to  examine  14  samples  of 
powdered  egg  and  102  samples  of  egg  substitutes.  Of  the  powdered  eggs  all 
but  two  of  the  samples  seemed  to  be  free  from  adultera-tion.  Two  were 
adulterated  with  corn  starch. 

The  examinations  of  the  egg  substitutes  indicate  that  this  material  is 
a  compound  composed  very  largely  of  starch  with  a  small  amount  of  baking 
powder  constituents,  65  of  the"^  102  samples  containing  artificial  color. 
The  only  purpose  that  the  addition  of  this  yellow  color  could  serve  would 
be  to  make  the  compound  appear  similar  to  a  true  egg  powder. 

FruitSy  Dried  and  Evaporated 
Under  this  heading  the  laboratory  received  and  examined  during  the  year: 

Apples,   evaporated    118 

Apricots,    dried    59 

Peaches    73 

Pears    i . . .  IS 

N^ectarines    1 

Prunes    3  "> 

Currants    311 

Figs    6 

Raisins    7G 

Total    425 

The  determinations  which  were  usually  made  upon  this  material  were  the 
determinations  of  water  and  of  sulphur  dioxide.  The  tabulation  shows  the 
results  obtained  expressed  in  percentages,  and  also  gives  any  statement  whic'i 
was  contained  on  the  package  indicating  whether  or  not  the  material  had  bvcn 
bleached  or  treated  with  sulphur  dioxide. 

As  stated  in  the  report  for  the  year  1J>19,  based  on  the  results  of  thrs^ 
examinations,  treatment  with  sulphur  dioxide  or  sulphites  seems  to  be  alraos't 
universal  in  the  preparation  of  dried  fruits.  In  case  only  small  quantities?  of 
the  sulphite  or  free  sulphur  dioxide  is  left  in  food  products  and  a  plain 
statement  is  made  on  each  package  that  such  material  is  present,  it  would 
probably  bo  impossible  successfully  to  prosecute  a  case  for  violation  of  the 
law,  based  upon  the  contention  that  the  food  product  was  injurious  to  health 
becaTise  of  the  presence  of  this  preservative.  I  believe,  however,  that  the  limit 
should  be  determined  and  fixed  beyond  which  the  presence  of  sulphur  dioxide 
may  render  the  food  injurious  to  health  and  that  there  should  be  rigid  enf ort  e- 
ment  against  any  excess  of  the  maximum  amount  so  determined  upon. 
Special  attention  is  called  to  the  large  amounts  of  sulphur  dioxide  which 
have  been  foimd  in  both  years  1019  and  1920,  in  the  dried  apricots,  in  dried 
peaches,  in  the  dried  pears,  and  in  some  of  the  other  material. 

There  is  no  state  law  in  regard  to  the  percentage  of  water  which  may  be 
permitted  in  dried  fruits,  except  in  the  case  of  evaporated  apples. 

Gelatine 

Gelatine  is  a  substance  obtained  from  the  nitrogenous  substance  of  bones, 
hide,  horns,  connective  tissues,  tendons,  and  other  nitrogenous  matter  of 
animals.  When  intended  for  food  purposes  it  should  be  made  from  sanitary 
material. 

It  is  usually  found  to  contain  small  amounts  of  sulphur  dioxide  or  sul- 
phites which  have  been  used  for  bleaching.  It  also  frequently  contains  traces 
of  arsenic,  copper  or  other  metallic  impuritie**. 

During  the  year,  twenty-nine  samples  have  been  received  at  the  laborito-'^' 
and  the  results  of  the  examinations  hnve  been  tabulated.  Determ?Tintionr5 
were  made  of  wai?r,  nitrogen,  ash,  sulphur  dioxide,  arsenic,  polarization  of 
a  three  per  cent  solution  at  15  defrrees  and  at  35  degrees  centicrrade,  arul  nl'-o 
the  jelly  strength  of  n  two-per-cent  solution.  Work  has  been  done  bv  the 
Bureau  of  Chemist rv  in  Washington  showing  that  gelatines  of  the  highest 
jelly  strength  also  thow  a  maximum  value  of  mutarotation  measured  between 
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3o  degrees  and   15  degrees  centigrade.     These  determinations  were  made  on 
nearly  all  the  samples  of  gelatine  and  the  results  substantiate  the  claim. 

The  percentage  of  sulphur  dioxide  was  determined  in  twenty  samples  and 
it  was  found  to  be  present  in  amounts  from  a  minimum  of  0.0064  per  cent 
to  0.0966  per  cent.    It  was  found  present  in  every  sample  that  was  tested. 

Arsenic  was  determined  in  every  brand  submitted.  Tlie  determinations 
were  made  in  twelve  samples  and  by  the  Gutzeit  test.  Arsenic  was  found 
to  be  absent  in  three  brands.  It  was  found  to  be  present  in  nine,  the  amounts 
found  varying  from  a  minimum  of  0.4  parts  per  million  up  to  2.0  parts  per 
million. 

Boney 

The  laboratory  has  received  during  the  year  29  samples  of  honey  and  honey 
compound  and  the  results  of  the  examination  have  been  tabulated.  Some  of 
the  samples  labeled  "  honey  "  were  found  to  be  adulterated  with  invert  sugar. 
A  number  of  the  samples  labeled  ''  compound  honey  "  are  probably  misbranded 
under  our  law. 

Ice  Cream 

Twenty-six  samples  of  ice  cream  were  examined,  all  of  which  were  obtained 
from  manufacturers  in  or  near  Albany.  Determinations  were  made  of  the 
sugars,  solids,  fat,  nitrogen,  ash,  and  acidity,  which  have  been  tabulated. 

Among  the  constituents  that  were  found  to  be  used  in  these  ice  creams  were 
cream,  milk,  condensed  milk,  powdered  e^g,  gelatin;  and  for  sweeteners, 
besides  ordinary  sugar  or  sucrose,  were  also  found  corn  sugar  and  invert 
sugar. 

The  materials  that  are  used  in  ice  cream  seem  to  vary  to  a  very  great 
extent  and  there  seems  little  prospect  of  any  real  agreement  among  the 
manufacturers  themselves  on  any  one  set  of  constituents.  The  only  thing 
in  which  any  agreement  might  be  expected  would  be  the  estaolishment  of  some 
standard  for  the  minimum  percentage  of  milk  fat  that  a  cream  should  contain. 

To  indicate  to  what  extent  manufacturers  of  ice  cream  are  using  or  desiring 
to  use  materials  that  are  entirely  foreign  to  ice  cream  as  originally  made  and 
sold,  we  would  quote  from  a  recomanendation  of  the  National  Association  of 
Ice  Cream  Manufacturers  as  to  what  its  composition  should  be : 

Ice  cream  consists  chiefly  of  a  sweetened  and  flavored  mixture  of 
cream,  or  cream  and  milk,  or  milk,  with  or  without  added  milk  fat  in 
the  form  of  sound  sweet  butter  or  as  contained  in  condensed,  evaporated 
or  concentrated  milk  or  in  milk  powder,  and  with  or  without  added  milk 
solids  not  fat  in  the  form  of  skim  milk  powder  or  as  contained  in  milk 
powder  or  in  condensed,  evaporated  or  concentrated  skim  milk  or  of 
a  sweetened  and  flavored  homogenized  or  emulsifled  mixture  of  sound 
sweet  butter,  milk  powder,  or  skim  milk  powder  and  water,  with  the  addi- 
tion of  gelatine,  vegetable  gum,  or  other  wholesome  stabilizer. 

It  would  seem  as  though  an  article  that  could  be  of  such  extremely  variable 
coffltposltion,  as  indicated  by  this  recommended  definition  of  the  National 
Association  of  Ice  Cream  Manufacturers,  is  hardly  entitled  to  be  considered 
as  an  article,  sold  under  its  own  distinctive  name,  with  a  definite  composi- 
tion: but  should  be  considered  only  a<9  a  food  compound  with  the  require- 
ments that  the  constituents  actually  used  should  be  stated. 

Table  Oil 

Eighty-nine  samples  of  table  oil  have  been  received  for  examination  during 
the  year.  The  analysis  of  this  material  consisted  in  making  determinations 
of  those  constants  which  were  judged  most  likely  to  give  indications  of  purity, 
or  give  some  indication  of  what  the  individual  oils  \^'ere  in  the  case  of  mix- 
tures. The  c<»nstants  on  any  given  oil  vary  somewhat,  but  these  variations 
are  within  rather  narrow  and  pretty  well  understood  limits. 

The  determinations  which  have  been  made  in  every  cape  were  those  of 
<tpeeific  gravity,  iodine  absorption,  and  Halphen  reaction.  Where  other  deter- 
minations have  been  deemed  helpful,  in  certain  individual  cases  determina- 
tions have  been  made  of  flash  point,  maumene  number,  and  specific  tempera- 
ture, of  Tortelli-Ruggeri  reaction,  of  Baudouin  reaction  or  of  viscosity. 
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The  tabulation  shows  cliaracteristic  results  which  were  obtained  for  the 
various  individual  oils,  and  also  the  same  constants  for  the  compound  oils. 

Two  samples  of  olive  oil  were  found  to  be  adulterated.  At  least  two  of  the 
samples  labeled  to  h&ve  been  pressed  from  cottonseed  were  adulterated.  The 
peanut  oils  in  three  cases  give  very  p*)8itivc  evidence  of  the  presence  of  cotton- 
seed oil.  In  the  case  of  miscellaneous  oils,  labeled  salad,  vegetable,  com- 
pound, mixed,  etc.  — nearly  all  of  these  are  misbranded  under  our  law. 

Ground  Spices 

During  the  year  1,71  samples  of  ground  spices  have  been  examined.  A^ 
stated  in  my  report  for  the  year  1&19  samples  were  taken  that  year,  and  t>ie 
work  was  continued  in  the  early  part  of  this  year,  with  the  idea  of  coverin^^ 
all  grinders  of  spices  in  the  state  and  also  representative  samples  from  grind - 
era  outside  the  state.  A  complete  list  of  the  state  grinders  of  spices  wat? 
being  compiled  by  the  food  bureau.  Microscopic  examinations  were  made  in 
all  cases  and  these  determinations  were  supplemented  in  ct»rtain  canes  bv 
other  chemical  determinations  to  show  to  what  extent  samples  were  found  to 
foe  adulterated  and  misbranded. 

Vinegar 

There  were  received  for  analysis  during  the  year,  280  samples  of  vinegar. 
Of  these  93  labeled  as  cider  vinegar,  were  passed.  Two  of  the  cider  Vinegar 
samples  were  broken  and  lost  in  shipment  so  that  no  examination  could  be 
made.  Thirty-two  of  the  samples  labeled  as  cider  vinegar  were  reported 
adulterated.  There  were  34  samples  labeled  vinegar,  white  vinegar,  distilled 
vinegar,  etc.,  many  of  which  are  violations  of  the  vinegar  law  because  of 
deficiency  of  labeling.  There  were  also  47  samples  which  were  received  from 
the  producers  and  in  which  the  acidity  was  determined. 

This  is  a  smaller  number  of  vinegar  and  cider  vinegar  samples  than  wero 
examined  during  the  year  1&19,  but  the  pro])ortion  of  adulteration  in  the 
cider  vinegar  samples  remains  about  the  same.  For  the  year  1919  the  per- 
centage reported  adulterated,  of  the  samples  labeled  cider  vinegar,  was  26  1 
per  cent.  Percentage  of  samples  labeled  cider  vinegar  reported  adulterated 
for  the  year  1920  is  25.6  per  cent. 

In  connection  with  the  analyses  of  the  cider  vinesrar  which  were  pas^e  1 
it  is  interesting  to  note  that  the  aver.age  of  vinesrar  solids  for  the  w^hole  num- 
ber was  2.05  grams  per  100  cc.  For  the  year  1919  the  average  solids  for  the 
passed  cider  vinegars  was  2.02  grams  per  100  cc. 

Yeast 

It  has  been  known  for  many  years  that  yeast  possessed  food  properties. 
It  is  claimed  that  the  Germans,  during  the  stress  of  the  late  war,  were  the 
first  to  make  a  comprehensive  study  of  its  nutritive  possibilities.  This  work 
has  been  continued,  notably  in  the  laboratory  of  Physiological  Chemistry  of 
the  Jefferson  Medical  College  of  Philadelphia.  There  a  number  of  workers 
have  studied  metabolism  of  men  and  animals  using  a  yeast  diet. 

The  manufacturers  of  yeast  have  begim  a  campaign  calling  the  atten- 
tion of  the  public  to  yeast  as  a  food.  We  quote  some  of  these  advertise- 
ments: "Yeast  has  an  appetizing  creamy  taste.  You  eat  from  one-half  to  a 
whole  cake  three  times  a  day  before  meals;  or  take  it  crumbled  in  water, 
fruit  or  milk.  Yeast  is  not  a  drug  or  medicine.  It  is  a  food  and  a  tonic, 
and  as  such  should  be  taken  persistently  for  best  results."  Another:  "Yeast 
as  a  health  builder.  Science  has  discovered  the  remarkable  curative  powers 
of  yeast.     Tt  is  being  widely  and  successfully  used  to  promote  good  health." 

The  definition  of  yeast,  approved  by  the  Council  of  Farms  and  Markets, 
is   the   following: 

The  term  "  compressed  yeast,"  without  qualification,  means  distillers* 
yeast  without  admixture  of  starch.  If  starch  and  distillers'  yeast  be 
mixed  and  compressed  such  product  is  misbranded  if  labeled  or  sold 
simply  under  the  name  "  compressed  yeast."  Such  a  mixture  or  com- 
pound should  be  labeled  "  compressed  yeast  and  starch,"  or  in  some 
similar  manner.  It  is  unlawful  to  sell  decomposed  yeast  under  any 
label. 
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BUBEAU  OF  LICENBES 

The  Bureau  of  Licenses  deals  with  the  licensing  and  bonding  of  milk 
dealers  who  purchase  milk  from  producers  either  for  shipment  to  cities  for 
consumption  or  for  manufacture  thereof;  and  the  licensing  of  commission 
merchants  who  deal  in  farm  produce,  and  of  cold  storage  warehouses.  Fees 
realized  from  such  licenses  are  turned  over  to  the  State  Treasurer. 

There  were  245  licenses  issued  to  milk  dealers  under  the  provisions  of 
Section  55  of  the  Agricultural  Law  for  the  license  year  beginning  Sep- 
tember 1,  1920.  These  245  licensed  milk  dealers  operate  990  stations  in  New 
York  State,  and  the  maximum  amount  of  business  done  by  these  dealers 
for  one  month  is  ehtimated  at  $10, 429, 390. 

In  addition  to  issuing  licenses,  this  Bureau  directs  the  investigation  of 
complaints  filed  by  producers  and  prepares  the  evidence  for  submission  to  the 
Attorney-General  in  legal  proceed nip:s  instituted  against  the  licensee.  This 
Bureau  also  has  charge  of  the  distribution  of  the  proceeds  of  any  bonds 
forfeited  by  the  licensee  through  bankruptcy  or  the  violation  of  the  law. 

How  the  bonding  provision  under  Section  55  of  the  Agricultural  Law 
operates  to  protect  producers  is  shown  in  two  cases  during  the  calendar  year 
1920. 

In  one  of  these  cases,  the  Kkenberg  Co.,  Cortland,  which  had  been  required 
by  this  'Department  to  furnish  a  surety  bond  in  the  sum  of  $25,000  went 
into  bankruptcy.  The  case  was  immediately  referred  to  the  Attorney- General, 
and  subsequently  the  bonding  company  paid  the  total  claims  of  the  milk 
producers  amounting  to  $22,970. 

Id  a  similar  case,  the  bankruptcy  of  the  Diamond  Creamery  Co.,  Massena, 
which  was  bonded  in  the  simi  of  $62,500  for  the  license  year  ending  August 
31,  1920,  the  bonding  company  paid  the  claims  of  milk  producers  to  a  total 
of  §19,907,  and  tlie  sum  oi  apj'roxiinateiy  $20,000  was  also  paid  in  the  same 
bankruptcy  to  milk  producers  for  the  license  year  beginning  Septembei 
Ii  1920. 

A  summary  report  of  the  Bureau  for  the  period  beginning  January  1, 
1920,  and  ending  December  31,  1920,  is  as  follows: 

COLD  STORAGE  WABSHOUSE  UCENSEB 

Xumber  of  cold  storage  applications  and  fees  received  from  Jan- 
uary 1  to  l><»cember  31,  1920 95 

Number  of  cold  storage  licenses  issued  from  January  1  to 
December   31,   1920    90 

Xumber  of  cold  storage  fees  returned  —  cases  did  not  come 
within  the  law   3 

Xumber  of  cases  now  pending 2 

Xamber  of  fees  which  the  Director  of  Bureau  of  Accounts  has 
been  authorized  to  release  to  the  State  Treasurer,  for  which 
licenses  have  been  issued 90 — $2,  250 

COMMISSION  merchants'  mcenses 

Xumber  of  applications  and  fees  received  from  commission 
merchantF  from  January   1,  to  December  31,   1920 652 

Xumber  of  licenses  issued  to  commission  merchants  for  period 
from  January  1  to  December  31,  1920 64» 

Xumber  of   cases   now   pending 3 

Xumber  of  fee*,  which  the  Dircetor  of  Burciai  of  Accounl-s  hn< 
been  authorized  to  release  to  State  Treasurer,  for  which 
iieenses  have  been  issued 649 — $6,490 
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lULK  OEALEBS'   licenses 

Number  of  applications  and  fees  received  prior  to  January  1, 
1920  for  which  licenses  were  issued  between  January  1,  and 
August  31,   1920    * 46 

Number  of  applications  and  fees  received  from  January  1  to 
August   31,    1920 &3 

Number  of  applications  and  fees  received  from  September  1 
to  December  31,  1&20   223 

322 

Number  of  licenses  issued  to  milk  dealers  from  January  1  to 
December  31,   1920   299 

Cases  now  pending   23 

{Note,     These  are  current  cases  and  are  being  followed  up  and  affidavits 
being  secured  where  necessary.) 

Number    of    cases    turned    over    to    the    Attorney-General    for 

prosecution  from  January  1,  1920  to  December  31,  1920 2 

Number  of  fees  which  the  Director  of  Bureau  of  Accounts  has 
been  authorized  to  release  to  State  Treasurer,  for  which 
licenses  have  been  issued 291!  -?2 ,9r»0 


The  Bureau  of  Accounts  is  holding  $200,  fees  received  from  twe  ity  mile 
dealers  whose  cases  were  turned  over  to  the  Attorney-General  for  prosecu- 
tion during  the  years  ending  August  31,  1918  and  August  31,  1919. 

{Note.     These  cases  have  again  been  referred   to  counsel   asking  for  an 
opinion  as  to  the  disposal  of  the:>e  fees.) 

FEES 

Amount  of  fees  received  from  milk  dealers  and  released  to  State 
Treasurer   12,090 

Amount  of  fees  received  from  commission  merchants  released  to 
State  Treasurer    6,490 

Amount  of  fees  received  from  cold  storage  warehouses  released 
to  State  Treasurer   2,250 

$11,730 

NEW  YORK  CITY  OFFICE 


The  work  of  the  New  York  City  office  of  the  Div^ision  developed  greatly 
during  1920  in  both  volume  and  importance.  Throu«jh  this  office  were 
conducted  all  those  activities  of  the  Division  relating  to  conditions  in  the 
New  York  City  wholesale  markets  and  having  to  do  with  the  metropolitan 
population,     These  activities  may  be  grouped  as  follows: 

Market  Reporting  Service 

Control  of  Malpractices  and  Investigation  of  Complaints  against  Com- 
mission Merchants 

Facilitation  of  Contact  between  Producer  and  Market 

Investigation  Incidental  to  Licensing  and  Bonding  of  Conunission 
Merchants  and  Milk  Dealers 

Special  Studies  of  Costs  of  Marekting  and  of  Conditions  at  Receiving 
Terminals 

Assistance  to  Consumers'  Cooperative  Associations. 

Campaigns  to  Improve  Temporarily  Serious  Market  Situations 

Education  of  Consumers  and  Producers  on  Marketing  Probleais  and 
Conditions 
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MABKET  BEPOBTINO  6EBVICE 

The  function  of  the  New  York  City  office  in  sfupplying  to  the  farmers 
of  the  state  complete  and  accurate  Information  r^arding  prices  and  con- 
ditions in  New  York  wholesale  markets  for  farm  products  is  of  fundamental 
importance  to  the  improvement  of  marketing  conditions.  The  farmers  of  this 
stale  have  the  largest  consuming  market  of  the  country  at  their  door,  but 
their  products  must  compete  with  products  from  every  part  of  the  United 
States  and  from  many  foreign  countries.  Knowledge  ot  market  conditions  is 
the  ba«;i8  of  efficient  marketing.  The  aim  of  the  state  market  reporting 
*.'r%'ice  is  to  make  available  without  expense  to  every  farmer  and  shipper 
in  the  state  the  information  that  will  enable  him  to  dispose  of  his  products 
intelligently.  This  service  is  intended  to  prevent  waste  from  market  gluis 
and  to  eliminate  the  old  type  of  exploitation  of  the  producer  by  the  middle- 
man who  took  every  advantage  of  his  ignorance. 

The  state  reporting  service  is  coordinated  with  the  Federal  reporting 
service,  the  two  supplementing  each  other  and  meeting  different  needs. 

The  daily  information  collected  in  the  wholesale  markets  by  the  department 
agents  is  made  available  to  farmers  throughout  the  state  and  to  tiie  j^^eneral 
public  by  means  of  (1)  the  printed  weekly  report  isKued  on  Friday;  (2) 
daily  mimeographed  reports  issued  the  first  four  days  of  each  week;  (3:) 
daily  mimeographed  news  market  summaries  issued  to  newsj)aper.s  every  clay 
ext-ept  Saturday;  (4)  telegraphic  information  sent  to  farm  bureaus,  co- 
operative marketing  associations,  and  information  centers  during  the  height 
(ji  shipping  seasons;  {5)  answers  to  inquiries  by  mail;  (d)  special  news- 
paper releases  describing  conditions  of  public  interest  in  the  market. 

The  printed  weekly  report  has  been  perfected  during  the  year  to  a  point 
where  it  is  generally  recognized  as  the  most  complete  and  accurate  report 
of  any  kind  on  the  New  York  wholesale  markets  for  farm  produce  from 
nearby  sections.  The  size  of  the  weekly  report  was  increased  gradually  to 
jiermit  of  more  complete  quotations  until  in  the  height  of  the  shipping 
>ea8on  it  was  double  that  of  the  previous  year.  In  December  1920  the  mail- 
ing list  of  individuals  who  personally  requested  weekly  reports  had  increased 
from  3,700  of  the  year  before  to  5,4^3.  In  addition  to  these,  6,315  copies  were 
s^Eit  each  week  in  packages  to  farm  bureau  offices  for  r emailing  to  farm 
bureau  members,  and  775  copies  went  each  week  to  newspapers  in  the  state. 
The  total  circulation  of  the  weekly  on  December  4  was  12,600. 

The  daily  mimeographed  reports  were  enlarged  during  the  shipping  season 
to  give  those  who  were  shipping  perishable  commodities  every  day  the 
information  they  would  need  each  morning  as  to  the  previous  day's  market. 
Through  Uie  help  of  the  Bureau  of  Markets  and  iStorage  and  county  agri- 
cultural agents,  information  centers  were  established  during  the  summer 
in  fruit  and  vegetable  growing  sections  to  which  daily  reports  were  sent 
and  from  which  the  information  was  distributed  to  the  farmers  in  the  com- 
munitv.  These  information  centers  included  farm  bureau  offices,  stores,  banks 
snd  cooperative  associations.  The  mailing  list  of  the  daily  reports  increased 
from   90  to  524  during  the  year. 

Market  news  summaries  giving  brief  quotations  of  the  markets  up  to 
1  p.  ni.  are  now  sent  daily  to  every  daily  newspaper  in  the  state  that  will 
u?>e  them.  The  weekly  papers  are  classified  according  to  the  day  they  go  to 
press  and  market  summaries  are  sent  to  all  of  them  so  as  to  give  them 
the  latest  possibly  information  up  to  that  time.  This  m^irket  news  service 
goes  to  775  newspapers  within  the  state. 

Telegraphic  market  reports  were  a  new  development  in  1020.  \Vherever 
farm  bureaus  or  farmers  cooperative  associations  desired  to  receive  immediate 
information  each  morning  during  the  height  of  their  shipping  season  on  the 
market  conditions  that  morning,  brief  code  tel^rams  were  sent  to  them 
prepaid  from  the  New  York  office,  usually  before  8  a.  m.  Individuals  were 
ient  the  same  information  as  fully  as  desired,  on  request,  by  collect  telegram. 
Lists  were  also  made  up  of  farmers  or  farm  organizations  who  desired  tele- 
grams if  there  was  any  sharp  change  in  the  market  for  a  particular  com- 
in.JIt^,  and  telegrams  were  sent  to  them.    The  growers  in  the  Hudson  River 
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Valley  counties  availed  themselves  of  this  telep-aphic  service  extensively 
in  the  summer  and  fall  and  reported  that  it  saved  them  thousands  of  dollars 
in  enabling  them  to  ship  with  a  full  knowledge  of  the  market  situation. 
There  is  a  wide  demand  for  the  extension  of  this  service  next  season. 

CONTACT    BCTWEEN    PRODUCER    AND    MARKET 

Over  500  inquiries  were  received  during  the  year  from  farmers  who  wanted 
specific  information  as  to  where  they  could  market  their  produce  and  how 
it  should  be  shipped.     These  letters  related  to  all  sorts  of  farm  products. 

The  assistance  of  cooperative  associations  of  farmers  to  establish  satis- 
factory contacts  was  given  special  attention.  Whenever  it  seemed  practi- 
cable these  associations  were  put  into  direct  contact  with  consumers'  co- 
operative associations  or  with  buying  agencies  for  chain  stores,  restaurants, 
or  other  retail  agencies. 

COMPLAINTS  INVESTIGATED 

Every  complaint  from  a  farmer  against  a  commission  merchant  or  other 
dealer  was  given  the  individual  attention  that  a  business  agent  would 
give  his  client,  except  that  the  purpose  of  investigation  was  always  to  get 
at  the  exact  truth  of  the  matter  in  controversy  and  to  act  accordingly. 
Approximately  400  complaints  were  received  and  investigated  during  the 
year.  The  majority  of  these  were  against  commission  merchants  on  account 
of  unsatisfactory  returns  and  loss  of  farm  products  while  in  transit. 

In  the  collection  of  claims  foi*  shippers  the  New  York  office  usually  waH 
able  to  secure  satisfactory  settlement  directly  between  receiver  and  shipper. 
In  one  case,  for  example,  a  claim  of  over  $400  was  paid  directly  to  the 
shipper  through  the  intervention  of  the  DiWsion.  When  necessary,  however, 
Uie  money  was  collected  by  the  Division  and  forwarded  to  the  shipper. 
Twenty-two  such  collections  were  made  in  the  year  and  a  total  of  $443.14 
forwarded.  The  sums  paid  direct  to  farmers  without  passing  through  the 
Division's  hands  amounted  to  many  hundreds  of  dollars. 

INVESTIGATIONS   OF  LICENSEES 

The  licensing  and  bonding  of  commission  merchant«  in  New  York  City, 
and  of  citv  milk  dealers  who  buv  milk  direct  from  farmers,  involves  a  lareo 
amount  of  field  investigation  which  is  carried  on  by  the  New  York  office  for 
the  Bureau  of  Licenses. 

Whenever  a  licensed  and  bonded  firm  fails  or  goes  into  bankruptcy,  as  hap- 
pened in  1920  with  four  commission  merchant  houses  and  three  milk  dealers 
in  New  York  City,  a  thorough  examination  of  the  firm's  outstanding  accounts 
is  made  at  once  to  protect  the  interests  of  the  consignor  creditors  and  to  deter- 
mine whether  attachment  of  the  bond  in  their  behalf  will  be  necessary. 

FOLLOW-UP  OF  SHIPMENTS 

Any  farmer  shipping  goods  to  the  New  York  market  may  have  his  shipment 
followed  up  on  arrival  in  the  market  by  writing  to  the  Division's  office  anJ 
giving  name  of  carrier  and  shipper,  commodity,  and  date  of  shipment.  Thos? 
who  ship  regularly  to  one  firm  with  whom  their  relitions  have  been  satisfac- 
tory have  no  occasion  to  do  this,  but  those  shipping  to  firms  new  to  them  aro 
urged  to  protect  themselves  in  this  manner. 

The  number  of  shipments  followed  up  this  year  was  not  large,  averaTini? 
only  from  ^ve  to  ten  per  month,  but  the  shipments  included  a  variety  of  com- 
modities,—  eggs,  hay,  beans,  Belgian  hares,  veal,  calfskins,  lettuce,  cabbage, 
tomatoes,  live  poultry  and  maple  syrup. 

TRANSPORTATION    PROBLEMS 

The  railroad  and  harbor  strikes  and  the  general  tie-up  of  transportation 
early  in  1920  resulted  in  serious  delay  in  Jthe  movement  of  fertilizer  and  seeds 
just  at  the  beginning  of  the  planting  reason.  The  New  York  office  in  con- 
junction with  the  Bureau  of  Markets  and  Storage  took  up  the  tracing  of  loj-t 
cars  and  secured  the  cooperation  of  the  railroads  in  rushing  them  to  destina- 
tion.   The  principal  difficulty  was  with  the  seed  potatoes  from  Maine  and 
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fertilizer  from  Baltimore  and  Pennsylvania.  Hundreds  of  cars  were  located 
and  their  movements  checked  until  they  reached  their  destinations,  after  con- 
tinuous telegraphing,  telephonin<T,  and  personal  visits  to  railroad  offices  and 
yards  and  to  offices  of  fertilizer  companies.  This  period  of  stress  extended 
from  the  last  of  March  to  the  end  of  May. 

EGG  BREAKAGE  CAMPAIQX 

The  loss  from  breakage  in  shipments  of  eggs  arriving  in  the  New  York 
market  in  the  shipping  scascn  of  1020  was  so  great  that  a  conference  of  rail- 
road and  express  officials  and  wholet-ale  Qjtg  receivers  was  held  in  the  New 
York  office  in  July  for  the  purpose  of  finding  the  causes  of  the  excessive 
breakage  and  of  removing  them.  With  the  assistance  of  the  trade  papers,  a 
large  amount  of  publicity  was  secured  locally  and  all  over  the  country  with 
regard  to  the  waste  of  ecrg  Ireakage  and  the  problem  of  prevention.  The 
Mercantile  Exchange  through  its  Traffic  Committee  adopted  a  comprehensive 
program  proposed  by  the  Directors  of  the  New  York  office  for  activities  on  the 
part  of  various  public,  trade,  and  transportation  agencies  to  eliminate  the 
breakage  evil. 

In  conform^ince  with  this  program,  the  New  York  office  circulated  a  ques- 
tionnaire among  all  the  principal  receivers  of  eggs  in  this  market  to  secure 
definite  information  as  to  the  amount  of  breakaj^e  in  receipts  during  May  and 
June  by  freight,  by  express  and  by  parcel  post.  The  returns  were  not  com- 
plete enough  to  make  the  results  shown  in  the  tabulation  of  this  data  very 
significant.  The  total  percentage  of  damage  shown  in  express  shipments 
reported  was  4  per  cent  and  in  freight  shipments  0.82  per  cent.  These  per- 
centages are  based  on  reports  on  express  shipments  of  14,771  cases  and  freight 
shipments  of  227,19(5. 

The  New  York  office  worked  during  the  last  half  of  the  year  with  the  Ameri- 
can Railway  Express  Company,  the  »State  College  of  Agriculture,  and  the 
Albany  office  in  testing  new  types  of  packages  for  shipping  eggs. 

HAY    MARKET    SURVEY 

In  the  summer  of  1020  a  survev  was  made  of  the  hav  market  facilities  in 
Greater  New  York  including  all  the  railroad  p.nd  boat  terminals  at  which  hav 
i*  received  and  sold.  The  capacity  of  each  terminal  in  track  space  and 
storage  space,  the  amount  of  hay  handled,  the  methods  of  sale,  and  other 
information  of  value  to  hay  shi prior s  was  secured. 

At  onlv  three  of  these  terminals  is  there  any  provision  for  storage  of  hay, 
»nd  in  the=?e  the  capacity  is  very  small.  At  all  other  places  sales  are  made 
directly  from  the  car  or  on  the  docks,  and  only  a  limited  quantity  can  be 
received  at  a  giveiv  time  withotit  concrestion  and  depression  of  the  market. 
Because  of  this  situation  the  railroads  instituted  a  permit  and  embargo  system 
to  check  the  incoming  of  hay  whenever  their  tracks  were  full,  resulting 
in  a  continual  erratic  fluctuation  of  prices. 

EDUCATIOXAL    TOIHIS    THROUGH    MARKETS 

For  the  purpose  of  acquainting  farmer?,  students,  teachers  of  civics  and 
ecoiKJinics.  and  others  with  actual  conditions  in  the  wholesale  food  markets 
of  New  York  City,  the  New  York  office  conducted  a  number  of  niirht  tours 
throusrh  the  markets  durinsr  the  summer.  .These  trips  usunlly  le,o:an  about 
midnight  and  ended  at  ^:30  or  10  o'clock  the  next  morning. 

The  grouT'S  represented  in  th^  market  tours  included  the  domestic  science 
teachers  in  the  public  schools  of  Greater  New  York  (150  went  in  one  party), 
students  and  professors  from  Teacher's  College,  Columlia  University,  from 
\ew  York  University,  from  the  Xew  School  of  Soeisl  Work,  from  City  College, 
and  a  party  of  Long  Island  farmers  fr^m  Suffolk  County. 

Aprrj5:  >veek  campaign 

An  outstanding  ncromplishment  of  the  year  for  the  Xew  York  ofBce  was  the 
remarkably  euccessful  publicity  campaigu  in  November  to  increase  the  con- 
smnptioo  of  New  YorE  apples  and  to  help  move  the  big  surplus  crop.    ThiiB 
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publicity  campaign  centered  around  **  National  Apple  Week  "  October  30th  to 
November  6th  in  the  advertisinpj  of  which  the  Division  cooperated  with  the 
International  Apple  Shippers  Association. 

The  Division  of  Foods  and  Makets  printed  and  distributed  10,000  paper 
posters  for  display  in  retail  stores  during  apple  week,  and  1,000  linen  stream- 
ers for  use  on  tracks  and  delivery  wagons.  The  cooperation  of  chain  stores, 
restaurants,  hotels,  lunch  rooms,  and  all  sorts  of  civic  bodies  was  secured  in 
advertising  New  York  apples.  Newsjyaper  releases  were  issued  every  day  and 
the  metropolitan  newspapers  gave  generously  of  their  space.  Every  possible 
expedient  was  resorted  to  to  make  news  of  apples  and  the  apple  crop. 

Over  15.000  attractive  pamphlets  describing  New  York  apples  and  tellinj? 
how  to  cook  them,  and  over  5,000  button-hole  red  apple  tags  were  distributed 
through  the  public  schools.  The  domestic  science  classes  in  all  the  schools 
of  Greater  New  York  made  a  feature  of  the  preparation  of  apple  dishes  dur- 
ing the  week.  An  apple  show  and  demonstration  showing  the  proper  way 
of  cooking  apples  were  held  on  three  days  at  Teachers'  College,  Columbia 
University,  under  the  direction  of  Miss  May  Van  Arsdale. 

As  a  means  of  giving  the  public  an  opportunity  to  buy  apples  cheaper  than 
at  the  prevailing  retail  prices  and  in  larger  quantities  than  by  the  single 
pound  or  piece,  an  apple  sale  was  opened  on  Fifth  Avenue  on  November  2nd 
by  the  New  York  office  in  conjunction  with  the  Consumers*  Food  committee. 
A  good  quality  of  hand-picked  Baldwins  were  offered  at  12  pounds  for  25 
rents.  The  rush  wa«  «o  great  that  policemen  had  to  be  called  to  keep  the 
crowd  in  line  and  on  the  second  day  the  merchants  in  the  vicinity  protested 
so  that  the  owner  of  the  building  refused  to  let  the  sale  continue.  Over 
1,000  people  bought  apples  the  first  day. 

The  sale  was  moved  on  the  third  day  to  the  Jefferson  Public  Market,  where 
space  was  provided  through  the  courtesy  of  the  New  York  City  Commissioner 
of  Public  Market!^.  It  was  continued  there  for  a  week  and  an  enormous 
amount  of  New  York  apples  were  moved  in  quantities  from  a  pound  to  five 
barrels  at  wholesale  prices. 

The  sale  met  with  such  popular  approval  that  another  one  in  the  Bronx 
was  conducted  in  the  same  manner  for  a  week  in  December.  In  the  two  sales 
there  was  a  slight  deficit  after  all  expenses  were  paid,  that  was  bornp  by 
members  of  the  Consumers*  Food  Committee,  but  the  sales  resulted  in  adding 
much  to  the  popularity  of  the  New  York  apples. 

STUDIES  OF  O06T  OF  DISTRIBUTION 

Since  July  1,  1920,  the  New  York  office  has  been  able  to  take  up  sev^r  »l 
investigations  of  a  statistical  character  owing  to  the  addition  to  it«*  s^^aff  of 
a  person  trained  for  this  work.  First,  attention  was  given  to  collection  of 
accurate  data  as  to  the  receipts  and  consumption  of  foodstuffs  in  the  New 
York  market,  which  i*  of  primary  importance  in  marketing  work.  Amon^r 
other  investigations,  however,  were  two  relating  to  the  margin  or  "  spread  " 
between  prices  paid  to  farmers  and  prices  paid  by  conpumers. 

RETAIL  APPLE  PRICE  INVBSTTOATION 

With  the  help  of  apple  grading  inspectors  of  the  Division  of  Agriculture, 
an  investigation  was  made  in  October  in  New  York  City  to  determine    ( 1  ) 
the  extent  to  which  New  York  apples  were  beinsr  sold  in  retail  stores.    (2) 
the  prices  of  them  and   (3)  the  extent  to  which  the  city  consumer  was  being 
given  any  inducement  to  increase  consumption. 

The  Manhattan  nrices  were  secured  from  about  250  retailers  and  in  BrnoV- 
lyn  from  160  retailers.  A  full  report  of  the  results,  which  involves  too  mu-h 
detail  to  present  here,  was  submitted  to  the  Council  of  Farms  and  Markets. 
In  brief,  conclusion  may  be  summarized  as  follows: 

Whereas,  the  Wei»tern  bored  applen  were  igrenerally  fourd  to  the  exclupion  of  New  Vork  Ptp*© 
aopIeH  on  small  fruit  stands,  the  majority  of  regular  grooerfi  sold  some  variety  or  varieticp  of  the 
New  York  State  barrelled  apples. 

In  Manhattan  the  average  retail  price  of  New  York  apples  was  found  to  be  6.9  oents  p<»r  pound. 
B V  redu'nng  what  the  farmer  received  per  bajrel  to  a  pound  b^is,  it  was  found  that  he  received  from 
3.2  oents  to  4.5  cents  per  pound  for  his  apples.  In  other  words,  there  was  a  difference  froTi  2.4  cents 
to  S.7  cents  between  the  price  p^id  by  the  consumer  and  the  price  paid  to  the  farmer.    In  terms  of 
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p«rcpnUcee  this  means  a  margin  from  53  per  cent  to  116  per  cent  between  tlie  retail  selling  price 
and  the  amount  which  was  received  by  the  farmer. 

In  BrooU'Iyn  the  margin  was  even  greater.  The  average  retail  price  was  7.3  per  pound,  the 
average  pri^c  paid  the  farmer  ranged  from  2,8  cents  to  4.3  certs  per  pound.  The  difference 
netween  the  retail  price  and  the  wholesale  prices  range  from  3.0  cents  to  4.5  cents  or  from  70  per 
cent  to  161  per  cent. 

The  investigation  in  Manhattan  (Oct.  13  to  Oct.  22,  1920)  showed  that  201  retail  dealers  (or 
81  per  cent  of  the  total  number)  were  not  making  any  concessions  to  purchasers  of  larger  quantities; 
40  or  16  per  cent  of  the  total  number)  were  making  concessions;  7  (or  3  per  cent  of  the  total  number) 
said  that  there  was  no  call  for  larger  packages  from  consumers. 

The  investigation  in  Brooklyn  (Oct.  28  to  Nov.  4)  showed  that  150  retail  dealers  (or  94  per 
'-^nt  of  the  toTal  number)  were  not  making  any  concessions  to  purchasers  of  larger  quantities; 
1*1  ior  6  per  cent  of  the  total  number)  were  making  concessions. 

STATISTIC8  AS   TO  FOOD  UECEXFTS  IN   NEW  YORK  CITY 

A  problem  with  which  any  person  or  agency  attempting  to  deal  with  the 
marketing  of  foodstuffs  in  New  York  City  is  immediately  confronted  is  that 
"f  securing  accurate  data  as  to  receipts  and  consumption  in  this  market, 
ihere  has  never  been  any  satisfactory  coordination  of  the  collection  of  data 
r'f  this  kind.  At  the  present  time  any  one  who  wants  to  get  complete  infor- 
mation as  to  the  amount  of  foods  that  comes  into  the  city  and  the  amount 
(onsurned  here,  must  go  to  not  less  than  five  different  agencies  and  for  some 
commodities  to  majiy  more. 

Toward  the  end  of  getting  together  the  most  complete  and  accurate  data 
possible  for  a  year's  receipts  of  food  commodities,  a  statistical  investigation 
was  undertaken  by  the  New  York  office  and  continued  intermittently  during 
the  la^t  four  months  of  the  year,  which  has  resulted  in  a  report  of  great 
vnlue  t(>  all  marketing  agencies.  It  contains  in  summarized  form  all  the  data 
H-vailahle  regarding  receipts,  consumption  and  export  of  fruits,  vegetables, 
rMMiltry,  dairy  and  poultry  products,  meats,  grains  and  other  products. 
Tables  were  worked  out  showing  the  sources  from  which  fruits  and  vegetables 
are  received  and  the  number  of  carloads  of  each  commodity  unloaded  during 
each  month. 

REPORT  ON  CREDIT  UNIONS 

At  the  request  of  Commissioner  Porter  the  New  York  office  prepared  an 
a^-*lvsi8  of  the  state  credit  union  law  and  its  po$%siblc  application  to  rural 
erndit  problems  in  this  state.  This  report  included  a  summary  of  material 
rPTarding  rural  credit  unions  in  other  states  and  countries  which  had  been 
irllvted  by  the  director  of  the  New  York  office.  A  copy  of  the  report  was  put 
^'t  the  disposal  of  a  large  county  improvement  association  in  central  New 
Yorii  for  use  in  working  out  plans  for  extending  credit  to  small  farmers. 

OTHER  SPECIAL   STUDIE3S 

In  cooperation  with  the  Department  of  Household  Economics,  Teachers* 
C  11  pe,  a  number  of  special  studies  of  marketing  problems  of  special  interest 
1 1  the  consumer  were  made  through  the  help  of  advanced  students.  These 
included  the  following: 

Cuovcraiw  Buying  Clubs  in  New  York  City 

A  stirv^  of  the  cooperative  buying  clubs  operated  among  the  employees  of  25  different 
romorations  or  institutions  such  as  the  National  City  Bank  and  the  Board  of  Education,  which 
rovers  their  methods  of  administration,  the  products  carried,  the  merchandizing  methods, 
anio<jnt  of  sales,  estimated  savings  to  members,  costs  of  operation,  etc. 

I.i^*'i7tiiyn  of  Brand*  Carried  6y  Retail  Stores 

A  ttady  of  the  number  of  brands  of  the  different  commodities  carried  and  the  relation  of 
thp  variety  of  brands  to  the  cost  of  running  the  store. 

Pukcvt  Markets,  New  York  City 

A  stndv  of  the  foods  sold  from  push-carts  and  comparison  of  the  prices  with  prices  for  same 
(ITsallty  of  foods  in  ordinary  retail  stores. 

The  Extent  to  frkick  Farmers*  Public  Markets  CmUd  he  Utilized  hy  the  New  York  City  Housefcife 

An  investigation  of  the  two  public  farmers  markets  in  Manhattan  to  determine  whether 
they  offer  any  prospect  for  more  economical  marketing  to  the  average  housewife. 

Comparison  of  Package  irith  Bulk  Foods 

A  MjTTira-ativ**  -^tudv  of  foods  poVI  in  packaKcs  and  the  samr  mnterinl*»  sold  in  bulk,  including 
an  investigation  as  to  the  amount  of  sales  by  bulk  and  by  pacl^agc  and  the  percentage  of  extra 
eosC  for  package  and  advertising. 

Tls  VaUiB  of  Knowing  tho  VariOios  of  Poods  in  Pitrehasing  Household  Supplies 
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CWaPERATIVE    ORGANIZATION 

Under  the  general  supervision  of  the  Bureau  of  Cooperative  Associations, 
the  New  York  office  developed  its  activities  for  the  assistance  of  consumers 
and  producers  cooperative  associations  quite  extensively  during  the  year. 
Early  in  the  year  a  survey  was  made  in  conjunction  with  the  Consumers* 
League  of  New  York  City.  This  was  the  first  survey  of  its  kind  in  recent 
years  and  it  brought  to  light  a  large  number  of  cooperative  enterprises  that 
were  not  known  even  among  those  in  the  cooperative  movement. 

The  assistance  given  consumers'  cooperative  associations  has  been  of  two 
general  types:  (1)  Aid  in  drafting  articles  of  incorporation  and  by-laws  and 
other  help  in  initial  organization  of  groups  already  formed  for  a  definite 
purpose;  (2)  advice  and  information  with  regard  to  problems  of  operation 
and  management.  Hundreds  of  dollars  have  been  saved  cooperative  groups 
by  the  Division  of  Foods  and  Markets  in  drafting  and  filing  with  the  Secre- 
tary of  State  the  articles  of  incorporation  of  these  organizations  in  such 
form  that  they  comply  with  the  cooperative  laws  and  provide  proper  safe- 
guards for  the  operations  of  cooperative  associations. 

Talks  and  lectures  on  cooperative  principle  and  management  have  been 
given  to  a  considerable  number  of  groups.  Personal  visits  have  been  made 
to  most  of  the  cooperative  organizations  in  New  Y^'ork  City  to  ascertain  their 
problems  and  methods  of  organization.  Special  inquiries  were  made  with 
regard  to  cafeteria  and  restaurant  societies,  laundry  operation,  coal  distribu- 
tion, sources  of  supply  of  farm  products  of  various  kinds,  and  in  regard  to 
cooperative  housing. 


BUFFALO  OFFICE 

Routine  work  of  the  Buffalo  office  included  market  reporting;  food  inspec- 
tion; issuing  daily  mimeographed  copies  of  prices  and  conditions  prevailing 
as  they  relate  to  the  distribution  and  sale  of  these  products;  gathering  and 
compiling  statistical  data  relating  to  food  commodities  and  their  distribu- 
tion; issuing  daily  mimeographed  copies  of  prices  and  conditions  prevailing 
on  the  Buffalo  wholesale  produce  markets,  mailing  same  to  large  prcxUicers, 
shippers,  farm  bureau  agents,  outside  state  and  federal  agents;  assisting  in 
organizing  and  directing  cooperative  organizations. 

market  reporting 

Wholesale  prices  and  conditions  prevailing  on  Buffalo  wholesale  markets 
are  gathered  and  compiled'  daily  by  Mr.  Doersam.  From  150  to  200  mimeo- 
graphed copies  of  this  report  are  mailed  daily  to  large  producers,  shippers 
and  county  agents.  One  mornina:,  and  two  afternoon  daily  newspapers  of  this 
city,  with  an  approximate  circulation  of  200,000  copies,  arc  featuring  this 
report:  one  paper  at  Auburn,  one  at  Lyons,  and  one  at  SjTacuse,  also  pub- 
lish this  report. 

INSPECTIONS 

The  work  of  food  inspection,  gathering  of  sam]>lo"5,  und  observance  of  cold 
storage  food  rules  and  rej^u  bit  ions,  has  l)oen  corfinofl  to  Buffalo,  and  Fomc 
of  the  nearby  towns.  This  oHic'e  ciruilarized  seventy  cities  and  to\\'ns  of  three 
thousand  inliclntflnts  and  over  in  We-lern  New  York,  with  coi)ios  of  "  (^>^d 
Storage  Rules  and  Regulations,''  for  the  cdforccinont  of  Article  4-A  of  tlu"* 
Farms  and  Markets  law  of  Xew  York  state.  The-e  were  mailed  to  the  h-^alth 
departments  of  the  various  cities  and  towns,  and  covered  twenty  counties. 

Fifty-two  bottlers  of  beverages  such  a**  poj),  mineral  waters,  etc.,  of  this 
city  were  circularized  with  copies  of  Article  8<)  of  the  Agricultural  law,  a*'Co:n- 
panied  with  a  letter  calling  attention  to  this  article,  and  also  to  Article  4  of 
the  Public  Health  law.  We  are  receivinfr  ros]>on^e'^  by  felerhone,  and  per- 
sonal calls,  for  advice  on  labeling  of  beverages,  which,  when  put  in  concrete 
form,  are  submitted  to  Albany  for  official  ruling. 


COMPLAINTS   AND   INVESTIGATIONS 

Complaints  and  investigations  handled  through  this  office  dealt  with  the 
work  of  the  different  bureaus  of  the  Division,  inquiries  d'ealing  chiefly  with 
licenses,  weights  and  measures  and  marketing.  Under  the  complaints  inves- 
tigated may  be  mentioned  a  few  typical  cases  as  follows: 

Complaint  in  regard  to  consignment  of  chestnuts  for  which  no  returns  had 
lieeo  made.     Settlement  secured. 

Complaint  by  United  •States  Department  of  Agriculture  re  carload  of 
powdered  milk  with  sugar  reported  to  them  by  Frontier  Chocolate  Co., 
Tonawanda,  N.  Y.     Referred  to  Albany. 

Complaint  in  regard  to  carload  of  raisins  at  Dunkirk,  N.  Y.,  found  to  be 
unfit  for  food.    Seized  and  destroyed  by  Federal  agents. 

Complaint  made  by  a  shipper  at  Odon,  Indiana,  against  a  commission  mer- 
cliiDt  in  Buffalo  for  failure  to  make  returns  for  coxusignment  of  four  barrels 
of  rabbits.     Settlement  effected  and  check  forwarded  Slipper. 

Complaint  made  by  conmiission  merchant  in  regard  to  the  practice  of 
feeding  live  poultry  in  transit,  and  just  previous  to  unloading  for  local 
markets.     Investigated,  and  findings  on  file. 

This  office  also  took  a  food  survey  during  the  switchmen's  strike,  findings 
relative  to  which  are  on  file. 

.     STATISTICAL 

Total  number  of  car  arrivals  of  perishable  produce  of  all  kinds  received  at 

Bofftlo  terminals  as  reported  to  this  office: 

Ipples,  435 ;  cabbage,  180 ;  bananas,  370 ;  celenr,  122 ;  graiyes^  416 ;  grape  fruit, 
:!<»9 ;  lemons,  208 ;  watermelons,  258 ;  onions,  336 ;  oranges,  974. ;  potatoes,  1331 ; 
-WHvt  poratoes.  201;  turnips,  34;  cranberries,  20;  mixed  veeetables,  113;  prunes, 
14 :  peppers,  38 ;  quinces,  3 ;  pears,  40 ;  squash,  1 ;  peas,  3 ;  lettuce,  185 ;  spinach, 
13:  strawberries,  12;  peaches,  113;  cucumbers,  93 ;  mixed  fruit,  21 ;  tomatoes.  101 ; 
canliflower,  22;  pineapples,  46;  asparagus,  3;  cantaloupee,  363;  total,  6271. 

Id  $ieason,  the  produce  market  of  Buffalo  is  supplied  principally  from  local 
production,  delivered  by  truck  or  wagon,  so  that  only  approximate  figures  are 
avmilable.  It  is  estimated  that  an  average  of  from  two  to  four  hundred  loads 
reidi  the  market  daily.  The  foregoing  does  not  comprehend  the  great 
2jnoant  of  package  produce  shipped  in  small  lots  by  express.  This  applies 
f^rticularly  to  asparagus  and  lettuce,  in  and  out  of  season,  for  which  no 
data  are  available. 
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THIRTY-THIRD  ANNUAL  REPORT 


OF  THE 


New  York  State  College  of  Agriculture  at  Cornell 

University  and  of  the  Agricultural  Experiment 

Station  Established  under  the  Direction 

of  Cornell  University 


STATE  OP  NEW  YORK 

•  Department  op  Agriculture 

Albany,  January  15,  1921 

To  the  Honorable  the  Legislature  of  the  State  of  New  York: 

In  accordance  with  the  provisions  of  the  Statutes  relating  thereto, 
I  have  the  honor  to  transmit  herewith  the  Thirty-third  Annual  Report 
of  the  New  York  State  College  of  Agriculture  at  Cornell  University, 
as  a  part  of  the  Twenty-eighth  Annual  Report  of  the  Commissioner  of 
Agriculture. 

GEORGE  E.  HOGUE, 

Commissioner  of  Agriculture. 
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ITEW  TORE  STATE  COLLEGE  OF  AGRICULTURE 


STAFF  OF  INSTRUCTION  AND  EXTENSION  WORK 

Albert  WiUiam  Smith,  B.M.B.,  M.M.E.,  Acting  President  of  the  University. 

Albert  Russell  Mann»  B.S^,  A.M.,  Dean  of  the  Coll^fe  of  Agriculture,  Director  of 
the  Experiment  Station,  and  Director  of  Extension. 

Isaac  Phillips  Roberts,  M  J^.,  Professor  of  Agriculture,  Emeritus 

John  Henry  Comstock,  B.S.,  Professor  of  Entomology  and  General  Invertebrate 
Zoology,  Emeritus. 

John  LCTiuel  Stone,  B.Agr.,  Professor  of  Farm  Practice,  Emeritus. 

Heniy  Hiram  Wing,  M.S.  in  Agr.,  Professor  of  Animal  Husbandry. 

Thomas  Lyttleton  Lyon,  Ph.D.,  Professor  of  Soil  Technology. 

James  Edward  Rice,  B.Sj\.,  Professor  of  Poultry  Husbandry. 

George  Walter  Cavanaugh,  B.S.,  Professor  of  Chemistry  in  its  Relations  to  Agriculture. 

George  Nieman  Lauman,  B.S.A.,  Professor  of  Rural  Eoonomy. 

Herbert  Hice  Whetzel,  M.A.,  Professor  of  Plant  Pathology. 

Elmer  Otterbein  Pippin,  B.S.A.,  Extension  Professor  of  Soil  Technology.* 

George  Frederick  Warren,  Ph.D.,  Professor  of  Farm  Management. 

William  Alonzo  Stoddng,  M.S.A.,  Professor  of  Dainr  Industry. 

Wilford  Murry  Wilson,  M.D.,  Professor  of  Meteorology. 

Ralph  Sheldon  Hosmer,  B.A.S.,  M.F.,  Professor  of  Forestry. 

James  George  Needham,  Ph.D.,  Professor  of  Entomology  and  Limnology. 

RoUins  Adams  Emerson,  D.Sc.,  Professor  of  Plant  Breeding. 

Harry  Hotiser  Love,  Ph.D.,  Professor  of  Plant  Breeding. 

Donald  Reddick,  Ph.D.,  Professor  of  Plant  Pathology. 

Edward  Gerrard  Montgomery,  M.A.,  Professor  of  Farm  Crops. 

George  Alan  Works,  B.Ph.,  M.S.  in  Agr.,  Professor  of  Rural  Education. 

Flora  Rose,  B.S.,  M.A.,  Professor  of  Home  Economics. 

XIartha  Van  Rensselaer,  A.B.,  Professor  of  Home  Economics. 

James  Adrian  Bizzell,  Ph.  D.,  Professor  of  Soil  Technology. 

Glenn  Washington  Herrick,  B.S.A.,  Professor  of  Economic  Entomology  and  Entomol- 
ogist of  the  Experiment  Station. 

Howard  Wait  Riley,  M.E.,  Professor  of  Rural  Engineering. 

Harold  Ellis  Ross,  M.S.A.,  Professor  of  Dairy  Industry. 

Hugh  Charles  Troy,  B.S.A.,  Professor  of  Dairy  Industry. 

Samuel  Newton  Spring,  B.A.,  M.F.,  Professor  of  Silviculture. 

Karl  McKay  Wiegand,  B.S.,  Ph.D.,  Professor  of  Botany. 

Wniiam  Henry  Chandler,  M.S.  in  Agr.,  Ph.D.,  Professor  of  Pomology  and  Vice  Director 
c^  Research. 

Arthur  Bemhard  Recknagel,  BA.,  M.F.,  Professor  of  Forest  Management  and 
UtilizatioTL 

Merritt  Wesl^  Harper,  M.S.,  Professor  of  Animal  Husbandry. 

Cyras  Richara  Crosby,  A.B.,  Extension  Professor  of  Entomology. 

Elmer  Seth  Savage,  M.S.A.,  Ph.D.,  Professor  of  Animal  Husbandry. 

Keimeth  Carter  Livermore,  M.S.  in  Agr.,  Professor  of  Farm  Management. 

Edward  Albert  White,  B.Sc.,  Professor  of  Floriculture. 

Ahrin  Casey  Beal,  Ph.D.,  Prx>fessor  of  Floriculture. 

Herbert  Andrew  Hopper,  B.SA.,  M.S.,  Extension  Professor  of  Animal  Husbandry. 

Edward  Sewall  Guthrie,  M.S.  in  Agr.,  Ph.D.,  Professor  of  Dairy  Industry. 

Maurice  Chase  Burritt,  M.S.  in  Agr.,  Professor  in  Extension  Service  and  Vice  Director 
of  Extension. 

WilHam  Charles  Baker,  B.S.A.,  Professor  of  Drawing. 

\f ortier  Franklin  Barrus,  Ph.D.,  Extension  Professor  of  Plant  Pathology. 

*A]Mentonkav«. 
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Lewis  Josephus  Cross,  B.A.,  Ph.D.,  Professor  of  Chemistry  in  its  Relations  to  Agriculttue. 

Oskar  Augustus  Johannsen,  A.M.,  Ph.D.,  Professor  of  General  Biology. 

Clyde  Hadley  Myers,  Ph.D.,  Professor  of  Plant  Breeding. 

Bristow  Adams,  B.A.,  Professor,  Editor,  and  Chief  of  Publications. 

Dick  J.  Crosby,  M.S.,  Professor  in  Extension  Service. 

Asa  Carlton  King,  B.SJV.,  Professor  of  Farm  Practice. 

Cornelius  Bet  ten,  Ph.D.,  Vice  Dean  of  Resident  Instruction. 

George  Abram  Everett,  A.B.,  LL.B.,  Professor  of  Extension  Teaching. 

Lewis  Knudson,  B.S.A.,  Ph.D.,  Professor  of  Botany. 

E.  Gorton  Davis,  B.S.,  Professor  of  Landscape  Art. 

Ralph  Wright  Curtis,  M.S.A.,  Professor  of  Landscape  Art. 

Claude  Burton  Hutchison,  M.S.  in  Agr.,  Professor  of  Plant  Breeding. 

Ralph  Waldo  Rees,  A.B.,  B.S.,  Extension  Professor  of  Pomology. 

Jacob  Richard  Schramm,  A.B.,  Ph.D.,  Professor  of  Botany. 

Harry  Oliver  Buckman,  M.S.A.,  Ph.D.,  Professor  of  Soil  Technology. 

Ralph  Hicks  Wheeler,  B.S.,  Professor  in  Extension  Service. 

William  Foster  Lusk,  B.Ph.,  M.S.A.,  Professor  of  Rural  Education. 

Paul  Work,  A.B.,  M.S.  in  Agr.,  Acting  Professor  of  Vegetable  Crops.* 

John  Bentley,  jr.,  B.S.,  M.F.,  Professor  of  Forest  Engineering. 

Paul  J.  Kruse,  A.B.,  Ph.D.,  Professor  of  Rural  Education. 

Rolland  Maclaron  Stewart,  A.B.,  Ph.D.,  Professor  of  Rural  Education. 

James  Ernest  Boyle,  Ph.D.,  Extension  Professor  of  Rural  Economy. 

Ezra  D wight  Sanderson,  B.S.,  Professor  of  Rural  Organization. 

Homer  Columbus  Thompson,  B.S.,  Professor  of  V^etable  Gardening. 

William  Joseph  Wright,  B.S.,  M.S.,  Extension  Professor  of  Rural  Education. 

Warren  Simpson  Thompson,  A.B.,  A.M.,  Ph.D.,  Acting  Professor  of  Rural  Organization. 

Cora  Ella  Bmzel,  Acting  Professor  of  Rural  Education. 

Byron  Burnett  Robb,  B.S.  in  Agr.,  M.S.  in  Agr.,  Professor  of  Rural  Engineering. 

Annette  J.  Warner,  Acting  Professor  of  Home  Economics. 

James  Kenneth  Wilson,  B.S.,  Ph.D.,  Professor  of  Soil  Technology. 

Blanche  Evans  Hazard,  A.B.,  M.A.,  Acting  Professor  of  Home  Economics. 

Karl  John  Seulke,  M.S.A.,  Ph.D.,  Professor  of  Animal  Husbandry. 

Lula  Grace  Graves,  Professor  of  Home  Economics. 

Edmund  Louis  Worthen,  M.S.,  Extension  Professor  of  Soil  Technology. 

Julian  Edward  Butterworth,  Ph.D.,  Professor  of  Rural  Education. 

Whitman  Howard  Jordan,  LL.D.,  Professor  of  Animal  Nutrition,  f 

Ulysses  Prentiss  Hedrick,  Sc.D.,  Professor  of  Pomology,  t 

Lucius  Lincoln  Van  Slyke,  Ph.D.,  Professor  of  Dairy  Chemistry,  t 

Fred  Carlton  Stewart,  M.S.,  Professor  of  Plant  Pathology,  f 

Percival  John  Parrott,  M.A.,  Professor  of  Entomology,  t 

Robert  Stanley  Breed,  Ph.D.,  Professor  of  Dairy  Bacteriology,  f 

Rudolph  John  Anderson,  Ph.D.,  Professor  of  Animal  Nutrition,  t 

Reginald  Clifton  Collison,  M.S.,  Professor  of  Soil  Technology. t 

Robert  Pdton  Sibley,  A.B.,  M.A.,  L.H.D.,  Professor  and  Secretary. 

Howard  Edward  Babcock,  Ph.B.,  State  Leader  of  Coimty  Agents. 

Jay  Coryell,  B.S.  in  Agr.,  County  Agent  Leader. 

Fred  Eugene  Robertson,  B.S.  in  Agr.,  Assistant  Coimty  Agent  Leader. 

Lewis  Austin  Toan,  B.S.  in  Agr.,  Assistant  County  Agent  Leader. 

Thomas  Everal  Milliman,  Assistant  Coimtv  Agent  L^der. 

Charles  Arthur  Taylor,  Assistant  County  Agent  Leader. 

Lloyd  R.  Simons,  B.S. A.,  Assistant  County  Agent  Leader. 

James  Chester  Bradley,  Ph.D.,  Assistant  Professor  of  Entomology  and  Curator  of 

Invertebrate  Zoology. 
George  Charles  Embody,  Ph.D.,  Assistant  Professor  of  Aquiculture. 
Mrs.  Helen  Binkerd  Yoimg,  B.Arch.,  Assistant  Professor  of  Home  Economics. 
Mrs.  Anna  Botsford  Comstock,  B.S.,  Assistant  Professor  of  Nature  Study. 
Harry  Morton  Fitzpatrick,  Ph.D.,  Assistant  Professor  of  Plant  Pathology. 
Walter  Warner  Fisk,  M.S.  in  Agr.,  Assistant  Professor  of  Dairy  Industry. 
Royal  Gilkcy,  B.S.A.,  Assistant  Professor  in  Extension  Service.* 
Lex  Ray  Hesler,  Ph.D.,  Assistant  Professor  of  Plant  Pathology. 

*  Absent  on  leave. 

t  By  affiliation  with  the  New  York  Agriculttaral  Experiment  Station  at  Geneva. 
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Earl  Whitney  Benjamin,  B.S.  in  Agr.,  M.S.  in  Agr.,  Ph.D.»  Assistant  Professor  of 
Potdtiy  Husbanc^. 

Arthur  Johnson  Barnes,  A.B.,  A.M.,  Ph.D.,  Assistant  Professor  of  Botany. 

Robert  Matheson,  M.S.  in  Agr.,  Ph.D.,  Assistant  Professor  of  Eoonomic  Entomology 
and  Assistant  Entomologist  of  the  Experiment  Station. 

David  Lumsden,  Assistant  Professor  of  Floriculture. 

John  Hall  Barron,  B.SA.,  Assistant  Extension  Professor  of  Farm  Crops. 

Gad  Parker  Scoville,  B.S.  in  Agr.,  Assistant  Extension  Professor  of  Farm  Management. 

Arthur  Aug^ustus  Allen,  Ph.D.,  Assistant  Professor  of  Ornithology. 

Leonard  Amby  Maynard,  A.B.,  Ph.D.,  Assistant  Professor  of  Ammal  Husbandry. 

Forest  Mile  Blodgett,  Ph.D.,  Assistant  Extension  Professor  of  Plant  Pathology. 

Frank  Elmore  Rice,  A.B.,  Ph.D.,  Assistant  Professor  of  Chemistry  in  its  Rations  to 

Agriculture. 
Lester  Wayland  Sharp,  B.S.,  Ph.D.,  Assistant  Professor  of  Botany. 
John  Clarence  McCurdy,  B.S.,  C.E.,  Assistant  Professor  of  Rural  Engineering. 
Clarence  A.  Boutelle,  Assistant  Extension  Professor  of  Animal  Husbandry. 
Charles  Howard  Royce,  M.SJV.,  Assistant  Extension  Professor  of  Animal  Husbandry. 
George  Harris  CoUingwood,  B.S.,  A.M.,  Assistant  Extension  Professor  of  Forestry. 
Montgomery  Robinson,  Litt.B.,  B.S.,  Assistant  Professor  in  Extension  Service. 
Otis  Freeman  Ctntis,  A.B.,  Ph.D.,  Assistant  Professor  of  Botany. 
Thomas  Joseph  Mclnemey,  M.S.  in  Agr.,  Assistant  Professor  of  Dairy  Industry. 
Eugene  Oavis  Montillon,  B  JVrch.,  Assistant  Professor  of  Landscape  Art. 
Juan  Estevan  Reyna,  E.E.,  Assistant  Professor  of  Rural  Engineenng. 
Arthur  John  Heinicke,  B.S.A.,  M.A.,  Ph.D.,  Assistant  Professor  of  Pomology. 
Olncy  Brown  Kent,  B.S.,  Ph.D.,  Assistant  Professor  of  Poultry  Husbandry. 
Hemy  William  Schneck,  B.S.,  M.S.A.,  Assistant  Professor  of  V^^table  Gardening. 
Louis  Melville  Massey,  A.B.,  Ph.D.,  Assistant  Professor  of  Plant  Pathology. 
Beulah  Blackmore,  B.S.,  Assistant  Professor  of  Home  Economics. 
Bernard  Albert  Chandler,  B.S.,  M.F.,  Assistant  F*rofessor  of  Forest  Utilization. 
Edward  Gardner  Misner,  B.S.,  Ph.D.,  Assistant  Professor  of  Farm  Management. 
Mary  Frances  Henry,  A.B.,  Assistant  Professor  of  Home  Economics. 
Sarah  Lucile  Brewer,  B.S.,  Assistant  Extension  Professor  of  Home  Economics. 
Helen  Canon,  B.A.,  B.S.,  Assistant  Extension  Professor  of  Home  Economics. 
Warren  Kendall  Blodgett,  2d,  A.B.,  Assistant  Extension  Professor  of  Rural  Engineering. 
Mark  Joseph  Smith,  B.S.,  Assistant  Extension  Professor  of  Animal  Husbandry. 
John  Haring  Voorhees,  B.S.,  Assistant  Extension  Professor  of  Farm  Crops. 
Hden  Monsch,  B.S.,  M.A.,  Assistant  Professor  of  Home  Economics. 
William  Irving  Myers,  B.S.,  Ph.D.,  Assistant  Professor  of  Farm  Management. 
Gustave  Frederick  Heuser,  B.S.,  M.S.  in  Agr.,  Ph.D.,  Assistant  Professor  of  Poultry 

Husbandry. 
Earle  Volcart  Hardenbui^,  B.S.,  M.S.  in  Agr.,  Ph.D.,  Assistant  Professor  of  Farm  Crops. 
James  Lewis   Strahan,  B.S.  in  Agr.,   M.S.  in  Agr.,  Assistant  Professor  of  Rural 
Engineenng. 

Allan  Cameron  Praser,  B.S.,  Ph.D.,  Assistant  Professor  of  Plant  Breeding. 

Claribel  Nye,  B.S.,  Assistant  Extension  Professor  of  Home  Economics. 

Peter  Walter  Claassen,  M.A.,  Ph.D.,  Assistant  Professor  of  Biology. 

Roy  Glen  Wiggans,  B.S.A.,  M.S.A.,  Assistant  Professor  of  Farm  Crops. 

Charles  Chupp,  A.B.,  Ph.D.,  Assistant  Extension  Professor  of  Plant  Pathology. 

Frank  Pores  Bussell,  B.A.,  Ph.D.,  Assistant  Professor  of  Plant  Breeding. 

Benjamin  Dvmbar  Wilson,  B.S.,  M.S.,  Ph.D.,  Assistant  Professor  of  Soil  Technology* 

Nancy  Hill  McNeal,  I^.B.,  Assistant  Extension  Professor  of  Home  Economics. 

Emery  N.  Ferriss,  Ph.B.,  Ph.D.,  Acting  Assistant  Professor  of  Rural  Education. 

Laurence  Howland  MacDaniels,  A.B.,  Ph.D.,  Assistant  Professor  of  Pomology. 

E.  Laurence  Palmer,  A.B.,  MA.,  Ph.D.,  Assistant  Professor  of  Rural  Education. 

Bonnie  Elizabeth  Scholes,  B.S.,  M.A.,  A^istant  Extension  Professor  of  Home  EconcMnics. 

James  Duncan  Brew,  B.S.,  Assistant  Extension  Professor  of  Dairy  Industry. 

Frederick  Gardner  Behrends,  B.S.,  Assistant  Extension  Professor  of  Rural  Engineering. 

Robert   Morrill   Adams,    B.S.,    A.B.,    Assistant    Extension    Professor   of   Vegetable 

Gardening. 
Harry  Wilmer  Dye,  B.S.A.,  M.S.A.,  Ph.D.,  Assistant  Professor  of  Plant  Pathology. 
Emma  Johnson,  a,S,  in  Agr.,  Assistant  State  Leader  of  Junior  Extension. 
Florence  H.  Freer,  B.S.,  State  Home  Demonstration  Leader. 
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Esther  L.  Snook,  B.S.,  Assistant  State  Home  Demonstration  Leader. 

Mrs.  Ruby  Green  Smith,  A.B.,  A.M.,  Ph.D.,  Assistant  State  Home  Demonstratioa 

Leader. 
George  Walter  Tailby,  jr.,  B.S.A.,  Instructor  and  Stockman  in  Animal  Husbandry. 
John  Thomas  Lloyd,  A.B.,  Instructor  in  Limnology. 
Richard  Alan  Mordoff,  B.S.  in  Agr.,  A.M.,  Instructor  in  Metecxrology. 
Oliver  Wesley  Dynes,  B.S.,  M.S.  in  Agr.,  Instructor  in  Farm  Crops. 
Cass  Ward  Whitney,  B.S.,  Instructor  in  Extension  Service. 
Lua  Alice  Minns,  B.S.,  M.S.  in  Agr.,  Instructor  in  Ploripulture. 
Winifred  Enos  Ayres,  Extension  Instructor  in  Dairy  Industry. 
Clark  Leonard  Thaver,  B.Sc.,  Instructor  in  Floriculture. 
Lewis  Merwin  Hurd,  Extension  Instructor  in  Poultry  Husbandry. 
Cedric  Hay  Guise,  B.S.,  M.P.,  Instructor  in  Forestry. 
Albert  Rem  Bechtel,  B.S.,  A.M.,  Instructor  in  Botany. 
James  Marshall  Brannon,  B.A.,  M.A.,  Instructor  in  Botany. 
Frank  Burkett  Wann,  A.B.,  Instructor  in  Botany. 
Clara  Louise  Garrett,  B.S.,  Instructor  in  Drawing. 
Clarence  Vernon  Noble,  B.S.,  Instructor  in  Farm  Management. 
Walter  Gemet  Krum,  Extension  Instructor  in  Poultry  Husbandry. 
Howard  Campbell  Jacloon,  B.S.,  M.S.  in  Agr.,  Instructor  in  Dairy  Industry. 
Julia  Gleason,  Instructor  in  Home  Economics. 
Winifred  Moses,  B.S.,  Instructor  in  Home  Economics. 
Edwina  Maria  Smiley,  A.B.,  Instructor  in  Plant  Pathology. 
George  Clayton  Dutton,  Extension  Instructor  in  Dairy  Industry. 
Roy  Lewis  Gillett,  B.S.,  Instructor  in  Farm  Management. 
Mrs.  Jessie  Austin  Boys,  B.S.,  Instructor  in  Home  Economics. 
Laurence  Joseph  Norton,  B.S.,  Extension  Instructor  in  Farm  Management. 
Gertrude  Elizabeth  Douglas,  A.B.,  A.M.,  Ph.D.,  Instructor  in  Botany. 
Ralph  Simpson  Nanz,  B.S.,  Instructor  in  Botany. 
William  Alonzo  Whiting,  B.S.,  Instructor  in  Dairy  Industry. 
Gladys  Elizabeth  Smith,  6.S.,  Instructor  in  Home  Economics. 
Frances  Remington  Kelley,  B.A.,  Instructor  in  Home  Economics. 
Walter  Sprague  Frost,  B.S.,  Extension  Instructor  in  Agricultural  Chemical  Analysis. 
Joseph  Pullman  Porter,  B.S.,  Extension  Instructor  in  Landscape  Art. 
Lawrence  Paul  Wehrle,  B.S.,  M.S.,  Extension  Instructor  in  Entomology. 
Ernest  Charles  Young,  B.S.,  Extension  Instructor  in  Farm  Management. 
Charles  Loring  Allen,  B.A.,  M.S.  in  Agr.,  Instructor  in  Animal  Husbandry. 
Walter  Housley  Wdlhouse,  M.A.,  Instructor  in  Entomology. 
Frank  Latta  Fairbanks,  M.E.,  Instructor  in  Rural  Engineeriog. 
Roy  A.  Olney,  B.S.,  Instructor  in  Rural  Education. 
Joseph  Brackin  Kirkland,  B.S.,  Instructor  in  Farm  Practice, 
fohn  Ch\m:hill  Maddy,  B.S.,  Extension  Instructor  in  Animal  Husbandry, 
[uliette  Norma  Anderson,  B.S.,  Instructor  in  Plant  Pathology. 
Srford  hytm  Banner,  B.S.,  M.S.,  Instructor  in  Poultry  Husbandry. 
Harold  Eugene  Botsford,  B.S.,  Extension  Instructor  in  Poultry  Husbandry. 
Louis  Michael  Roehl,  Instructor  and  Supervisor  of  Farm  Shop  Work. 
William  Prindle  Alexander,  Instructor  in  Natural  History. 
Charles  Robert  Stevenson,  B.S.,  Extension  Instructor  in  Plant  Pathology. 
Carl  Frederick  William  Meusebeck,  B.S.,  Instructor  in  Parasitology. 
Ernest  Gustaf  Anderson,  B.Sc.,  Instructor  in  Plant  Breeding. 
Theresa  Elizabeth  Schindler,  B.A.,  Instructor  in  Floriculture. 
Harry  Pestana  Young,  B.S.,  Instructor  in  Farm  Management. 
William  Trowbridge  Merrifield  Forbes,  Ph.D.,  Assistant  Curator  of  Lepidoptera. 
Maude  Sanford,  B.S.,  Instructor  in  Home  Economics. 
Paul  Andrew  Downs,  B.S.,  Instructor  in  Dairy  Industry. 
Ivan  Wright,  A.B.,  M.S.,  Instructor  in  Rural  Eoonomv. 
Robert  Carroll  Ogle,  Extension  Instructor  in  Poultry  Husbandry. 
Earl  Gibson  Lukens,  A.B.,  Instructor  in  Animal  Husbandry. 
Mosher  Dwen  Butler,  B.S.,  Extension  Instructor  in  Vegetable  Gardening. 
Warren  B.  Meixner,  B.S.,  Instructor  in  Landscape  Art. 
Leslie  EUsworth  Card,  B.S.,  Instructor  in  Poultry  Husbandry. 

Frances  Beatrice  Hunter,  B.S.,  Instructor  in  Home  Economics  and  Supervisor  of  Shop 
Work. 
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Cari  George  Vinson,  B.S.,  Extension  Instructor  in  Pomology. 
Alice  Mav  Blinn,  B.S.,  Extension  Instructor  in  Home  Economics. 
Raymond  Arnold  Perry,  B.S.,  Instructor  in  Daiiy  Industry. 
QaxtAe  Willard  Leister,  B.S.,  Instructor  in  Ornithology. 
William  Henry  Evster,  A.B.,  A.M.,  Instructor  in  Botany. 
Walter  Conrad  Muenscher,  A.M.,  Instructor  in  Botany. 

iohn  D.  Oetweiler,  B A.,  MA.,  Instructor  in  Entomology, 
lorence  Ethd  Axtdl,  B.S.,  Instructor  in  Rural  Education. 
Leon  Augustus  Hausman,  A.B.,  A.M.,  Ph.D.,  Instructor  in  Biology. 
Frands  Coe  Smith,  B.S.,  Extension  Instructor  in  Farm  Crops. 
Jay  John  Grimm,  B.S.,  Instructor  in  Botany. 
LolitEi  Evelyn  Hodey,  A.B.,  Instructor  in  Home  Economics. 
Charies  Ordiard  &mth,  B.S.,  Extension  Instructor  in  Vegetable  Gardening. 
Flora  Martha  Thurston,  B.S.,  Extension  Instructor  in  Home  Economics. 
Edith  Sara  Ranney,  B.S.,  Extension  Instructor  in  Home  Economics. 
Mathilda  Emilie  Bertrams,  Ph.B.,  Extension  Instructor  in  Home  Economics. 
Mortimer  Demarest  Leonard,  B.S.,  Extension  Instructor  in  Entomology. 
Ruth  E.  Chipman,  A.B.,  MA.,  Extension  Instructor  in  Agricultural  Chemistry. 
Ada  Eljiva  Ueorgia,  Assistant  in  Natural  History. 
Emmons  William  Leland,   B.SA.,   Superintendent  of  Field   Experiments  in   Soil 

Technology. 
Charles  Ed^rard  Hunn,  Assistant  in  Plant  Propa^^ation. 
imiiam  Thomas  Craiff,  Assistant  in  Plant  BreSedmg  Investigations. 
Walton  I.  Fisher,  Assistant  in  Plant  Breeding  Investigations. 
Harold  Haydn  Clum,  A.B.,  Assistant  in  Botany. 
Ernest  Doreey,  B.S.,  Assistant  in  Plant  Breeding. 
Thomas  Lysons  Martin,  BA.,  Assistant  in  Soil  Technology. 
Heanor  Hulhouse,  B.S.,  Assistant  in  Home  Economics. 
Gordon  Kennedy  Middleton,  B.S.,  Assistant  in  Farm  Crops. 
Rodney  Wesson  Pease,  Assi^;ant  in  Extension  Service. 
Fannie  Codbaugh  Rane,  AB.,  Assistant  in  Botany. 
Catharine  Elizabeth  Koch,  B.S.,  MA.,  Assistant  in  Plant  Propagation. 
Lewis  Arthur  Eyster,  B  A.,  Assistant  in  Plant  Breeding. 
Mildred  E.  Stratton,  B  A.,  Assistant  in  Botany. 
Helen  Alice  Purdy,  A.B.,  Assistant  in  Plant  Piithology. 
Hden  Elizabeth  Murphy,  B.S.,  Assistant  in  Biolo^. 
Henry  Edward  Schradieck,  B.S.,  Assistant  in  Aqmculture. 
Howard  Bushnell  Allen,  B.S.,  Assistant  in  Junior  Extension. 
Lowell  Fitz  Randolph,  Ph.B.,  Assistant  in  Botany. 
FM  Albort  Carlson,  B.S.,  Assistant  in  Soil  Technology. 
Hazel  EUzabeth  Branch,  A.B.,  MA.,  Assistant  in  Bidogy. 
Alexander  McTaggart,  B.SA.,  Assistant  in  Soil  Technology. 
Charies  Jay  SettleT  jr.,  B.S.,  Assistant  in  Farm  Practice. 
Fred  Pbos,  jr.,  A.B.,  A.M.,  Assistant  in  Biology. 
John  Levenus  Buys,  B.S.,  Assistant  in  Entomology. 
Cari  Louis  Wilson,  A.B.,  Assistant  in  Botany. 
B.  B.  Maticka,  Assistant  in  Botany. 

Mary  Isabelle  Potter,  B.S.,  M.L.D.,  Assistant  in  Landscape  Art. 
Bermird  Bdlis,  B.S.,  Assistant  in  Agricultural  Chemistry. 
Eflea  Edmonson,  AB.,  Assistant  in  Entomolog^r. 
Fnmk  Waldo  Lathrop,  A.B.,  M.SA.,  Assistant  in  Rural  Education. 
William  Seltzer,  B.S.,  Assistant  in  Soil  Survey. 
John  Samod  Everett,  B.S.,  Assistant  in  Forestry. 
Dane  Lewis  Baldwin,  A.B.,  MA.,  Secretary  to  Dean  and  Director. 
Olin  Whitney  Smith,  B.S.,  Assistant  R^^istrar. 
Wmard  Waldo  EUis,  A.B.,  LL.B.,  Librarian. 
Geofge  Wilaon  P&rker,  Executive  Assistant. 


ACTING  PRESIDEirr'S  LETTER  OF  TRANSMITTAL 

June  30,  1920 
The  Governor  of  the  State  of  New  York, 

Albany,  New  York. 

The  Secretary  of  the  Treasury, 

Washington,  D.  C. 

The  Secretary  of  Agriculture, 

Washington,  D.  C. 

The  Commissioner  of  Agriculture, 

Albany,  New  York. 

The  Act  of  Congress,  approved  March  2,  1887,  establishing  Agricultural 
College  Experiment  Stations  in  connection  with  the  Land  Grant  Colleges, 
contains  the  following  provision:  "  It  shall  be  the  duty  of  each  of  said 
stations,  annually,  on  or  before  the  iBrst  day  of  February,  to  make  to  the 
Governor  of  the  State  or  Territory  in  which  it  is  located,  a  full  and  detailed 
report  of  its  operations,  including  a  statement  of  receipts  and  expendi- 
tures, a  copy  of  which  report  shall  be  sent  to  each  of  said  stations,  to  the 
said  Conunissioner  of  Agriculture,  and  to  the  Secretary  of  the  Treasury 
of  the  United  States." 

And  the  Act  of  the  Legislature  of  the  State  of  New  York,  approved 
April  12,  1906,  providing  for  the  administration  of  the  New  York  State 
College  of  Agriculture  at  Cornell  University,  contains  the  following  pro- 
vision: "  The  said  University  shall  expend  such  moneys  and  use  such 
property  of  the  State  in  administering  said  College  of  Agriculture  as  above 
provided,  and  shall  report  to  the  Commissioner  of  Agriculture  in  each 
year  on  or  before  the  first  day  of  December,  a  detailed  statement  of  such 
expenditures  and  of  the  general  operations  of  the  said  College  of  Agri- 
culture for  the  year  ending  the  thirtieth  day  of  September  then  next 
preceding." 

In  conformity  with  these  laws  I  have  the  honor  to  submit  herewith 
on  behalf  of  Cornell  University  the  report  for  the  year  1919-20  of  the 
New  York  State  College  of  Agriculture,  signed  by  the  Dean  of  that  College, 
Albert  R.  Mann. 

Dean  Mann's  report  is  so  detailed  and  so  complete  that  it  seems 
unnecessary  for  me  to  do  more  than  transmit  it  to  you,  as  I  hereby  do. 

Respectfully  submitted, 

ALBERT  W.  SMITH, 
Acting  President  of  Cornell  University. 
[II] 


REPORT  OF  THE  NEW  TORE  STATE  COLLEGE  OF 

AGRICULTURE,  19x9-20 

June  30,  1920 
To  the  Acting  President  of  the  University: 

Sir:  I  have  the  honor  to  submit  herewith  a  report  of  the  work  of  the 
New  York  State  Collie  of  Agriculture  for  the  academic  year  1919-20. 

The  legislative  program 

The  problem  that  demanded  major  attention  during  the  year  just 
closing  was  the  necessity  for  relief  for  the  College  in  the  way  of  more  ade- 
quate compensation  of  teachers,  freedom  from  the  stifling  effects  of  the 
minutely  segregated  appropriation  act  which  the  State  has  employed 
during  recent  years,  and  provision  for  housing  the  work  of  the  College 
more  nearly  in  accordance  with  its  requirements.  All  of  these  matters 
have  been  discussed  at  length  in  previous  reports  of  the  Dean  of  the 
College,  and  I  am  happy  to  be  able  to  record  at  this  time  substantial 
progress  in  them  all. 

On  November  30,  1918,  the  Dean  presented  to  the  Agricultural  College 
Council  a  detailed  report  of  the  needs  of  the  College  for  additional  build- 
ings, reviewing  the  requirements  of  each  department  in  turn,  and  recom- 
mended that  steps  be  taken  to  prepare  a  plan  for  the  enlargement  of  the 
coll^[e  plant  in  accordance  with  the  expressed  needs  of  the  departments. 
Specifically  it  was  proposed  that  the  Council  should  appoint  a  committee 
of  three  of  its  members  to  cooperate  with  the  President  and  the  Dean  in 
investigating  the  building  requirements  of  the  College;  to  visit,  as  might 
be  needful,  other  agricultural  colleges  in  order  to  study  types  of  buildings 
for  particular  purposes;  to  prepare  for  the  consideration  of  the  Trustees 
a  statement  and  description  of  the  buildings  that  should  be  provided; 
to  request  the  Committee  on  Buildings  and  Grounds  to  prepare  a  plan 
for  the  location  of  the  buildings;  to  invite  the  State  Architect  to  prepare 
preliminary  plans  as  a  basis  for  requesting  state  appropriations;  and  to 
devise  ways  and  means  for  presenting  the  needs  to  the  Legislature,  looking 
toward  the  adoption  of  the  entire  plan  by  the  Legislature  with  a  view  to 
obtaining  early  authorization  to  begin  construction  on  several  buildings 
and  consecutive  provision  for  the  remaining  needs.  In  this  report  con- 
fidence was  expressed  that  **  we  shall  have  the  earnest  support  of  fanners 
of  the  State  in  presenting  our  needs  to  the  Legislature."  The  Council 
approved  the  proposal  that  a  plan  of  enlargement  be  developed.  It  did 
not  appoint  the  comnaittee  requested,  but  instructed  the  Dean  to  make 
the  studies  and  prepare  tentative  plans  for  definite  consideration  by  the 

CoundL 

(13I 


14  Report  op  the  Dean  and  Director 

It  is  of  interest  to  record  here  also  that  the  Chairmen  of  the  Joint 
Legislative  Budget  Committees  subsequently  requested  the  Dean,  in 
February  of  1919,  to  prepare  a  comprehensive  plan  for  the  further  devel- 
opment of  the  College  for  their  consideration  at  the  1920  session  of  the 

Legislature. 

Acting  on  these  commissions,  active  steps  were  taken  to  make  an 
exhaustive  study  of  the  building  requirements.  The  departments  of  the 
College  were  requested  to  consider  their  needs  with  great  thoroughness. 
This  they  were  glad  to  do,  and  their  careful  work  provided  the  basis  on 
which  all  subsequent  plans  were  developed. 

It  soon  became  apparent  that  in  considering  the  future  demands  to  be 
made  on  the  College  it  was  highly  desirable,  if,  indeed,  not  imperative, 
to  leam  what  the  progressive  fanners  and  others  interested  in  the  rural 
affairs  of  the  State  wanted  the  College  to  do  and  to  become,  so  that  the 
final  decisions  might  combine  the  best  judgments  of  the  staff  and  of  the 
persons  who  are  naturally  most  concerned  in  the  work  and  the  facilities 
of  the  institution.  Accordingly,  and  after  consultation  with  several  of 
the  most  active  farm  leaders  in  the  State,  it  was  determined  to  invite  a 
large  number  of  farmers  to  come  to  the  College,  in  groups,  at  their  own 
expense,  to  study  in  detail  the  work  and  the  needs  of  the  several  depart- 
ments. The  persons  to  be  invited  were  nominated  by  the  heads  of  several 
of  the  larger  farmers*  organizations,  editors  of  agricultural  papers,  mem- 
bers of  the  college  staff,  and  others.  The  names  were  assorted  so  as  to 
bring  together  in  a  single  group,  or  committee,  persons  especially  inter- 
ested in  the  work  of  a  particular  department.  In  all,  twenty-four  groups, 
or  committees,  including  a  few  more  than  three  htmdred  persons,  were 
invited  to  come  at  various  times  during  the  months  of  October  and 
November  of  191 9.  Nearly  half  of  those  invited  found  it  possible  to 
come. 

The  committees,  on  their  arrival,  were  asked  to  make  a  thorough  study 
of  the  work  of  the  departments  to  which  they  were  assigned,  including  a 
review  of  the  courses  of  instruction,  the  experimental  and  research  work, 
and  the  extension  activities,  as  well  as  buildings  and  facilities,  and  to 
offer  suggestions  for  improvements.  Each  committee  was  asked  to  make 
a  written  report  with  recommendations,  which  was  done.  The  combined 
reports  constitute  a  very  valuable  and  unique  body  of  suggestions  for  the 
development  of  the  institution. 

Because  of  the  time  required  —  one  or  two  days  —  to  study  the  work 
of  a  department,  each  committee  could  study  but  a  single  department. 
In  order  that  the  final  recommendations  might  be  considered  from  the 
standpoint  of  the  College  as  a  whole,  each  departmental  committee  was 
asked  to  designate  two  of  its  members  to  rettim  to  a  joint  conference  on 
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December  5.  The  interest  of  fanners  in  the  undertaking  is  nowhere 
better  revealed  than  by  the  fact  that  the  meeting  on  December  5  was 
attended  by  an  almost  complete  representation  of  delegates,  these  men 
and  women  again  coming  at  their  own  expense. 

The  committees  of  farmers  were  not  asked  to  consider  the  question  of 
salaries  of  teachers,  although  this  had  become  by  far  the  most  serious 
and  acute  problem  affecting  the  College.  Their  studies,  however,  soon 
revealed  losses,  actual  and  threatened,  from  the  staff,  and  many  of  the 
departmental  committees  called  attention  to  the  urgent  necessity  that  a 
new  and  higher  salary  scale  be  established. 

The  meeting  on  December  5,  after  a  full  day  of  deliberation,  adopted 
the  following  recommendations: 

1.  That  the  building  program  as  outlined  in  the  Stmmiary  of  Recom- 
mendations herewith  attached  and  made  a  part  of  this  report,  be  approved 
and  adopted  as  the  program  to  be  presented  to  the  Legislattire.  (This 
program  enumerates  the  buildings  required,  estimated  to  cost  at  present 
prices  more  than  $5,000,000.) 

2.  That  the  Legislature  be  asked  to  appropriate  in  1920  the  sum  of 
$2,000,000  to  start  three  large  buildings  in  the  following  order:  Plant 
Industry,  Rural  Engineering,  Dairy  Industry;  and  that  any  part  of  this 
appropriation  not  needed  for  the  above-named  btdldings  should  be  avail- 
able for  other  buildings  most  urgently  needed. 

3.  That  the  Legislature  during  the  session  of  1920  be  asked  to  authorize 
the  drawing  of  plans  to  cover  the  remainder  of  the  program  as  recom- 
mended, and  that  the  Legislature  be  asked  in  192 1  to  appropriate  funds 
to  start  all  other  buildings  provided  for  in  the  committee  recommendations. 

4.  That  the  "  budget  system  '[  be  changed  so  that,  while  the  proposed 
expenditures  shall  be  itemized  in  detail,  appropriations  shall  be  made 
under  genaral  classifications  only,  such  as  (i)  personal  service,  (2)  main- 
tenance, and  (3)  repairs  and  replacements;  that  the  administrative  officers 
in  chai^  of  the  institution  be  given  the  power  of  distributing  the  available 
funds  granted  tmder  these  general  heads;  and  that  this  recommendation 
apply  to  all  state  educational  institutions. 

5.  That  the  Dean  of  the  New  York  State  College  of  Agriculture  be 
further  relieved  of  detailed  administrative  duties,  and  to  that  end  that 
a  vice-deanship  of  resident  teaching  and  a  vice-directorship  of  research 
work  be  created,  with  minimum  salaries  of  $6000  for  such  positions. 

6.  That  a  salary  of  $10,000  be  provided  for  the  Dean. 

7.  That  the  following  salary  scale  be  recommended  as  a  minimum: 
for  heads  of  departments,  $5000;  for  full  professors,  $4000;  for  assistant 
professors,  $2500;  for  instructors,  $1500;  for  assistants,  $800;  for  stenog- 
raphers, $900. 

8.  That,  whereas  the  small  increase  asked  for  by  Dean  Mann  in  the 
budget  for  1920-21  will  be  wholly  inadequate  and  will  furnish  no  relief 
such  as  we  desire,  the  salary  estimates  submitted  by  Dean  Mann  for  the 
fiscal  year  beginning  July  i,  1920,  be  revised  in  accordance  with  the 
xninimum  scale  heretofore  recommended,  and  that  the  changes  in  the 
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salary  scale  recommended  by  the  Committee  become  effective  for  the 
fiscal  year  begirniing  July  i,  1920. 

9.  That  the  staff  of  the  college  be  developed  to  meet  the  expansion 
approved  by  the  several  committees  which  have  made  studies  of  the 
needs  of  respective  departments,  and  that  the  executive  committee  of 
this  general  committee  make  more  detailed  and  specific  studies  and 
recommendations  toward  developing  the  work  of  the  respective  depart- 
ments and  toward  adequate  funds  for  nniaintenance. 

10.  That  the  executive  committee  submit  to  the  various  members  who 
have  attended  the  conferences  at  the  College  the  recommendations  of  the 
general  committee  for  their  individual  approval  and  signature. 

11.  That  the  executive  committee  take  immediate  steps  to  place  the 
recommendations  and  conclusions  of  this  conference  on  the  ne^s  of  the 
College  before  the  Agricultural  Conference  Board  and  before  the  leaders 
of  all  the  farm  organizations  in  New  York  State,  and  that  such  other 
steps  be  taken  as  are  necessary  to  acqtiaint  their  various  subordinate 
organizations  or  local  branches  with  the  recommendations  of  this  con- 
ference as  to  the  needs  of  the  College. 

12.  That  the  executive  committee  and  the  Dean  invite  the  press  of  the 
State  to  visit  the  College  and  study  its  service  to  the  people  of  the  State 
and  its  needs.  1 

13.  That  the  executive  committee  ask  a,  subordinate  committee  con- 
sisting of  one  member  of  the  faculty  group  and  one  representing  farmers, 
to  formulate  a  statement  as  to  what  the  College  of  Agriculture  means  to 
the  agriculture  of  the  State. 

14.  That  in  working  out  these  plans,  special  emphasis  be  placed  on 
acquainting  the  consumers  of  the  State  with  the  value  of  the  Q>]lege  to 
them. 

The  conference  appointed  a  committee  to  carry  out  its  recommenda- 
tions.    This  committee  reported  to  the  Agricultural  Conference  Board 
on  December  22,  when  the  findings  and  recommendations  of  the  con- 
ference of  December  5  were  imanimously  approved  and  there  was  created 
a  "  Farmers'  Joint  Committee  for  the  Promotion  of  Education  in  Agri- 
cultiu-e  and  Home  Economics  in  the  State  of  New  York  "  consisting  of 
the  following  persons:    William  A.  Mather,  Chairman,  Adams;  E.  R. 
Eastman,  Executive  Secretary,  303  Fifth  Avenue,  New  York;  James 
Pear,  Recording  Secretary,  Holland  Patent;  Mrs.  Lewis  Seymour,  105 
North  Street,  Binghamton;  F.  A.  Salisbury,  Phelps;  C.  P.  Mason,  Wil- 
liamson; Daniel  Dean,  Nichols;  State  Horticultural  Society,  E.  C.  Gillette, 
Penn  Yan;  Dairymen's  Association,  H.  C.  Troy,  Ithaca;  State  Grange, 
W.  N.  Giles,   Skaneateles;  Farm  Bureau  Federation,  S.  L.  Strivings, 
Castile;  Home  Bureau  Federation,  Mrs.  A.  E.  Brigden,  Cortland;  Dairy- 
men's League,  Inc.,  R.  D.  Cooper,  New  York;  State  Agricultural  Society, 
C.  F.  Boshart,  Lowville. 

This  committee,  individually  and  collectively,  has  actively  sponsored 
the  cause  of  the  College  before  the  people  of  the  State  and  the  Legislature, 
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and  large  credit  is  due  to  its  members,  and  to  the  great  body  of  fanners 
who  supported  them  and  whom  they  represent,  for  the  successful  outcome 
of  the  l^slative  effort.  The  College  of  Agriculture  and  the  people  of 
the  State  are  alike  indebted  to  them  for  their  public  service  ably  discharged. 
The  College  belongs  to  the  people  of  the  State.  They  established  it  as  a 
state  institution,  and  they  have  ever  come  to  its  support  in  its  times  of 
special  need.  The  College  is  deeply  sensible  of  its  increased  responsi- 
bility for  efficient,  productive  service  to  the  State  which  the  renewed 
expression  of  confidence  and  larger  provision  for  its  needs  impose. 

On  December  20  the  Agricultural  College  Council  met  to  consider  the 
recommendations  of  the  Dean  for  the  development  of  the  College,  these 
recommendations  being  substantially  the  program  which  was  put  forward 
by  the  fanners'  committee  and  which  represented  the  best  judgment  of 
the  staff  and  of  those  who  had  studied  the  institution.  The  Council 
voted  to  "  approve  in  principle  the  findings  of  the  [farmers']  conference 
and  concur  in  the  larger  conception  of  the  importance  and  the  require- 
ments of  the  College."  The  Council  made  its  recommendations  in 
detail  to  the  Board  of  Trustees,  which  affirmed  these  recommendations 
on  January  3,  1920,  for  transmission  to  the  Legislature.  The  result  is 
that  the  Appropriation  Act  passed  by  the  Legislature  and  approved  by 
the  Governor  carries  the  following  items  for  the  State  College  of 
Agriculture: 

1.  For  regular  maintenance  for  the  year  1920-21,  $1,270,888.80,  an 
increase  of  $260,170  over  the  appropriation  for  the  year  1919-20.  Of 
this  increase  nearly  three-fourths  is  to  be  applied  to  increases  in  salaries 
of  the  staff.  While  these  increases  will  still  leave  us  considerably  below 
the  minimum  scale  recommended  by  the  farmers'  committee  and  con- 
curred in  by  the  Trustees,  they  afford  very  substantial  relief  to  a  deserving 
and  grateful  faculty. 

2.  Salary  provision  for  a  vice  dean  of  resident  instruction,  a  vice  director 
of  research,  three  new  professorships  in  agricultural  economics  and  farm 
management,  a  new  professorship  in  plant  pathology,  and  three  additional 
assistant  professorships  in  home  economics. 

3.  For  new  construction,  a  special  provision:  "  To  further  the  develop- 
ment of  the  State  College  of  Agriculture,  Cornell  University,  providing 
for  its  extension  through  a  plan  to  be  approved  by  the  Trustees  of  said 
University,  by  or  before  December  i,  1920,  an  authorization  of  three 
million  dollars  ($3,000,000)  is  hereby  made.  The  State  Architect  may 
employ  such  experts  and  other  assistants  as  may  be  necessary  for  the 
proper  development  of  plans,  soil  surveys,  test  pits,  test  borings,  and 
conduct  of  such  work,  and  their  compensation  shall  be  fixed  by  him  and 
paid  from  appropriation  made  herewith,  with  the  approval  of  the  Trustees 
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of  Cornell  University.     For  the  purpose  of  commencing  such  work,  the 
sum  of  five  hundred  thousand  dollars  ($500,000)  is  hereby  appropriated." 

The  bill  carries  also  a  separate  appropriation  of  $17,000  for  beginning 
the  construction  of  a  cold  storage  plant. 

The  appropriations  for  salaries  of  the  teaching  staff  are  combined  for 
the  several  grades,  heads  of  departments,  professors,  assistant  professors, 
instructors,  and  assistants,  in  such  a  way  as  to  allow  the  authorities 
discretion  in  fixing  the  salaries  of  individuals  within  these  groups,  except 
that  a  prescribed  noaximum  salary  and  maximum  number  of  appointees 
within  each  group  shall  not  be  exceeded.  This  departure  from  the  narrow 
segregation  which  has  obtained  heretofore  will  afford  a  welcome  measure 
of  relief.  It  is  to  be  regretted  that  there  continues  to  be  no  administrative 
freedom  or  discretion  in  the  adjustment  of  salaries  of  employees  other 
than  teachers. 

The  results  of  the  legislative  program  as  a  whole  have  been  successful 
and  gratifying  beyond  our  early  expectations.  With  the  many  pressing 
demands  made  on  the  Legislature  and  the  Governor  for  the  maintenance 
and  enlargement  of  the  State's  varied  activities,  the  treatment  accorded 
our  requests  this  year  has  been  notably  generous.  The  sympathetic 
interest  and  appreciation  of  our  requirements  by  Henry  M.  Sage,  Chair- 
man of  the  Senate  Finance  Committee,  H.  Edmund  Machold,  Chairman 
of  the  Assembly  Ways  and  Means  Committee,  and  Lewis  P.  Pilcher, 
State  Architect,  all  of  whom  made  special  studies  of  the  needs  of  the  Col- 
lege by  personal  visits,  and  by  Governor  Alfred  E.  Smith,  who  approved 
all  of  the  items  submitted  to  him  by  the  Legislature,  made  possible  the 
accomplishment  of  the  undertaking.  Grateful  acknowledgment  is  made 
to  them.  I  desire  also  to  record  appreciation,  on  behalf  of  myself  and 
my  associates  in  the  College,  of  the  constant  helpfulness  of  the  President 
and  members  of  the  Board  of  Trustees  throughout  the  entire  course  of 
our  efforts. 

Mention  should  be  made  of  two  other  bills  passed  by  the  Legislature 
late  in  the  session  and  approved  by  the  Governor.  One  provides  $2700 
for  the  erection  of  two  sheds  ($1350  each)  on  the  outlying  experimental 
field  plats  at  Churchville,  in  Monroe  County,  and  at  Alfred,  in  Allegany 
Cotmty.  The  second  commissions  the  College  to  inaugurate  special  exten- 
sion work  in  agriculture  and  home  economics  among  the  Indian  wards 
on  the  reservations  within  the  State.  It  carries  an  appropriation  of 
$10,000,  which  may  be  used,  aside  from  the  maintenance  of  general  exten- 
sion activities  on  the  reservations,  for  the  payment  of  scholarships,  living 
expenses,  and  books  for  Indian  men  and  women  in  short  courses  at  the 
State  College  of  Agriculture,  the  payment  of  travel  expenses  of  specially 
chosen  Indians  for  Farmers*  Week  and  similar  occasions,  and  as  a  rotary 


[Report  op  the  Dean  and  Director  19 

loan  fund  to  Indian  fanners  for  the  purchase  of  seeds,  tools,  and  stock. 
In  the  organization  of  this  new  enterprise,  the  College  has  had  the  benefit 
of  the  services  of  Dr.  Erl  Bates,  of  Sjrracuse,  whose  years  of  active  service 
in  behalf  of  the  Indians  has  placed  him  in  the  confidence  of  the  tribes 
and  has  given  him  an  exceptional  grasp  of  their  problems  and  means  of 
solution.  This  work,  the  importance  of  which  has  been  fully  demon- 
strated, should  be  made  permanent. 

The  proposed  college  of  home  economics 

The  teaching  of  home  economics  had  its  inception  at  Cornell  University 
in  the  year  1900,  when  Miss  Martha  Van  Rensselaer  was  appointed  to 
initiate  special  work  on  the  problems  of  farm  women.  Her  first  under- 
taking was  the  establishment  of  a  reading  course,  which  within  less  than 
one  year  attained  an  enrolhnent  of  six  thousand  readers.  From  this 
beginning  the  work  has  gradually  expanded.  In  1904,  when  the  State 
established  the  College  of  Agriculture  at  Cornell  University  as  the  New 
York  State  College  of  Agriculttire,  it  assumed  responsibility  for  the 
promotion  of  the  activities  of  the  College,  including  the  work  in  home 
economics.  By  1907  this  work  had  attained  such  proportions  that  the 
Trustees  recognized  it  as  a  separate  department  in  the  College.  In  191 1 
the  State  appropriated  $154,000  to  provide  a  special  building  for  housing 
the  department.  On  September  20,  1919,  the  Trustees  designated  the 
department  as  the  School  of  Home  Economics  in  the  State  College  of 
Agriculture,  this  action  being  taken  in  recognition  of  the  rapidly  increasing 
importance,  scope,  and  specialization  of  the  work,  and  the  fact  that  the 
department  had  become  practically  a  self-contained  professional  school; 
and  in  the  request  made  by  the  Trustees  to  the  Legislature  at  that  meeting, 
the  Legislature  was  urged  to  complete  the  school  in  buildings  and  staff 
as  rapidly  as  possible. 

The  logical  outcome  of  the  growth  of  the  work  in  home  economics  and 
the  distinctive  recognition  coming  to  it,  was  the  action  of  the  Board  of 
Tmstees  on  January  3,  1920,  requesting  the  Legislature  to  establish  the 
school  as  a  separate  State  College  of  Home  Economics.  Subsequently 
biDs  were  introduced  in  both  houses  of  the  Legislature  to  accomplish  the 
change.  The  bill  passed  the  Assembly  but  was  held  in  committee  in  the 
Senate.  This  was  not  altogether  tmexpected,  as  time  is  required  to  effect 
an  appreciation  of  the  larger  importance  of  the  field  of  home  economics 
in  state  welfare.  The  bill  will  ultimately  pass.  It  is  inevitable  that  this 
field  of  special  interest  to  women,  with  its  own  body  of  knowledge  and 
range  of  activity,  will  be  given  the  recognition  which  it  deserves.  The 
proposal  at  once  received  the  indorsement  of  women's  organizations  and 
of  thousands  of  individual  women  throughout  the  State. 
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The  change  proposed  is  little  more  than  a  change  in  name  and  in  admin- 
istration. The  main  lines  of  work  in  a  professional  college  of  home  eco- 
nomics have  already  been  provided  by  state  appropriation.  Such  addi- 
tions to  the  staff  and  to  buildings  and  facilities  as  the  work  calls  for  will 
be  required  to  take  care  of  its  normal  growth,  whether  it  is  recognized 
as  a  separate  college  or  continues  as  a  school  in  its  present  relationship. 
The  State  will  derive  greater  profit  from  the  work  which  it  has  already 
established  here  when  it  gives  to  that  work  the  larger  recognition  which 
will  result  from  the  change  in  name. 

AfiUiaticm  willi  the  New  York  Agricultural  Experiment  Station 

One  of  the  most  gratifying  and  promising  events  of  the  past  year  has 
been  the  affiliation  effected  between  the  State  College  of  Agriculture  and 
the  New  York  Agricultural  Experiment  Station  at  Geneva.  The  formal 
act  of  affiliation  was  the  consvimmation  of  a  discussion  between  the  insti- 
tutions extending  over  several  years.  The  bond  that  has  been  established 
did  not  involve  legislative  authorization,  but  was  effected  on  the  basis 
of  the  powers  which  the  authorities  of  the  two  institutions  now  have 
under  the  law.  On  February  14,  1920,  the  Committee  on  General  Admin- 
istration of  the  Board  of  Trustees  of  Cornell  University  took  the  following 
action: 

Resolved,  That  the  acceptance  by  members  of  the  staff  of  the  College  of  Agrictilture 
of  appointments  to  the  staff  of  the  New  York  State  Experiment  Station  at  Geneva, 
without  pay  and  without  required  duties,  is  hereby  approved,  the  members  of  the 
staff  so  appointed  to  be  those  mutually  agreed  upon  by  the  Director  of  the  Station 
and  the  Dean  of  the  College  of  Agriculture. 

Resolved,  That  the  President  is  hereby  authorized  to  nominate  for  appointment 
to  the  staff  of  the  New  York  State  College  of  Agriculture  such  members  of  the  staff 
of  the  New  York  State  Experiment  Station  at  Geneva,  without  pay  and  without  required 
duties,  as  may  be  mutually  agreed  upon  by  the  Director  of  the  Station  and  the  Dean 
of  the  College  of  Agriculture. 

Similar  action  had  been  taken  by  the  Board  of  Control  of  the  State 
Experiment  Station  a  short  time  before. 

Under  the  new  arrangement  each  of  the  institutions  will  maintain  its 
present  organization  and  ftmctions  and  no  change  will  be  involved  in  the 
status  of  the  men  affected  in  their  respective  institutions.  The  aflSliation 
will  promote  the  interests  of  both,  which  at  times  are  closely  parallel, 
and  will  make  possible  an  exchange  of  work  and  workers  between  the 
two.  institutions.  It  will  be  possible  for  the  staff  of  the  College  of  Agri- 
culture to  have  access  to  the  materials  and  laboratories  of  the  State 
Experiment  Station,  and  the  investigators  at  the  Station  can  take  advan- 
tage of  the  facilities  at  Ithaca.  Conferences  will  be  promoted  between 
the  workers  at  the  two  institutions,  resulting  both  in  a  better  mutual 
understanding  of  the  work  in  progress  at  the  two  places  and  in  the  removal 
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of  the  likelihood  of  any  unnecessary  overlapping.  It  is  hoped  also  that 
the  arrangement  will  be  advantageous  to  graduate  students  who  may  be 
connected  with  either  institution. 

While  under  the  law  both  institutions  are  required  to  conduct  investi- 
gations and  research,  and  both  have  maintained  some  extension  work, 
the  relations  between  the  institutions  have  been  notably  harmonious  and 
cordial,  and  the  affiliation  has  been  mutually  desired.  The  more  intimate 
relationship  now  officially  established  promises  an  increasingly  pleasant 
and  beneficial  association  in  future.  The  step  is  an  important  one  in  the 
furtherance  of  the  State's  program  for  the  promotion  of  education  and 
research  in  agriculture.  , 

The  members  of  the  State  Experiment  Station  staff  who  have  been 
appointed  to  professorships  in  the  College  of  Agriculture  at  Cornell  Uni- 
versity are:  Dr.  U.  P.  Kedrick,  professor  of  pomology;  Dr.  L.  L.  VanSlyke, 
professor  of  dairy  chemistry;  F.  C.  Stewart,  professor  of  plant  pathology; 
P.  J.  Parrott,  professor  of  entomology;  Dr.  R.  S.  Breed,  professor  of  dairy 
bacteriology;  R.  J.  Anderson,  professor  of  animal  nutrition;  R.  C.  CoUison, 
professor  of  soil  technology;  Dr.  W.  H.  Jordan,  professor  of  animal 
nutrition. 

Members  of  the  State  College  who  have  been  appointed  to  places  on 
the  staff  of  the  Experiment  Station  are:  Dr.  T.  L.  Lyon,  chemist,  Division 
of  Agronomy;  Dr.  R.  A.  Emerson,  geneticist,  Division  of  Horticulture; 
W.  A.  Stocking,  bacteriologist.  Division  of  Bacteriology;  Dr.  L.  A.  May- 
nard,  biochemist,  Division  of  Biochemistry;  G.  W.  Herrick,  entomolo- 
gist, Division  of  Entomology;  Dr.  Donald  Reddick,  botanist.  Division  of 
Botany;  A.  R.  Mann,  Agricultural  Economics. 

Increasing  importance  of  economics 

For  many  years  the  chief  activities  of  the  agricultural  colleges  and 
experiment  stations  have  been  concerned  with  problems  of  plant  and 
animal  production.  With  the  enormous  actual  and  relative  increase  in 
city  populations,  rapid  changes  have  come.  The  problems  of  plant  and 
animal  growth  are  more  important  than  formerly,  but  are  no  longer  the 
only  questions  with  which  agriculttiral  education  and  research  are  con- 
cerned. The  rapid  growth  of  cities  and  the  relatively  slow  increase  in 
numbers  of  persons  engaged  in  agriculture  means  that  the  food  production 
of  each  agricultural  worker  must  be  much  greater  than  heretofore.  With 
these  changes,  new  problems  of  business  methods  on  the  farm,  financing 
of  farm  operations,  transportation  and  marketing  of  products,  and  the 
maintenance  of  satisfactory  living  conditions  on  farms,  have  arisen. 
%,  Now  that  agriculture  is  more  of  a  business  and  less  of  a  self-sufficient 
home  industry,  the  problems  of  business  organization  and  management 
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of  farms  are  of  the  utmost  importance.  For  many  years  this  Collie 
has  been  doing  extensive  work  in  studying  and  teaching  methods  of  farm 
organization  and  management.  The  data  on  costs  of  production  of 
various  farm  products  and  on  living  conditions  on  farms  have  been  of 
service  to  price  commissions.  The  State  Census  of  Agriculture  tabulated 
by  the  former  Department  of  Farm  Management,  and  data  obtained  in 
cooperation  with  the  United  States  Bureau  of  Crop  Estimates  on  labor, 
housing,  and  living  conditions  on  farms,  have  all  helped  to  direct  public 
activities  related  to  agriculture.  They  have  also  aided  in  stabilizing 
conditions  on  farms.  The  price  studies  have  been  of  help  in  stead3nng 
production.  Studies  are  now  being  made  of  farm  labor,  the  movements 
of  farm  popidation,  the  standards  and  the  costs  of  living  on  farms, 
and  the  combination  of  agriculture  and  factory  work  for  industrial 
employees. 

Many  persons  leave  the  farms  because  they  do  not  see  the  means  of 
engaging  profitably  in  farming  without  capital.  Some  studies  have  been 
made  of  the  means  by  which  such  persons  may  acquire  the  necessary 
capital  and  credit.  The  means  by  which  credit  agencies  may  furnish  the 
necessary  capital  for  agriculture  require  study.  Recognizing  these  needs, 
the  1920  Legislature  provided  a  professorship  in  farm  finance. 

The  large  and  constantly  increasing  quantities  of  food  that  must  be 
moved  over  otir  roads,  railroads,  and  waterways  have  created  many  new 
problems  in  transportation.  A  professorship  in  transportation  has  been 
provided  for  next  year. 

So  many  economies  can  be  made  by  assembling  business  for  quantity 
buying  and  selling  that  the  organization  of  cooperative  associations  of 
fanners  has  been  very  rapid  in  recent  years.  The  determination  of  the 
best  methods  for  the  formation  and  management  of  such  associations 
and  the  dissemination  of  this  knowledge  is  one  of  the  important  duties 
of  the  College.  The  wool  auctions,  the  central  packing  houses  for  fruit, 
cooperative  purchases  of  stock  feed,  and  cooperative  ownership  of  milk 
plants,  are  among  the  important  developments  in  this  field.  Perhaps  no 
problem  is  today  arousing  more  controversy  and  causing  deeper  concern 
than  the  problem  of  distribution  of  food.  Improvement  in  the  methods 
of  distribution  to  keep  pace  with  the  growth  and  congestion  of  population 
is  one  of  the  outstanding  needs  of  the  near  future.  A  new  professorship 
of  marketing  has  been  established  for  next  year. 

All  this  work  in  the  College  is  now  centered  in  the  Department  of 
Agricultural  Economics  and  Farm  Management,  a  combination  of  the 
former  departments  of  Farm  Management  and  Rural  Economy  effected 
by  the  Trustees  on  September  20,  1919.  For  the  present  and  immediate 
future  a  large  part  of  the  work  of  this  department  must  be  given  to  inves- 
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tigation,  in  which  results  come  slowly.  Much  has  already  been  done. 
There  are  large  numbers  of  regular  and  winter-course  students  seeking 
instruction  in  these  subjects,  and  extension  teaching  among  farmers  has 
reached  considerable  proportions  in  response  to  insistent  demands.  As 
an  indication  of  the  importance  attached  to  the  work  it  may  be  pointed 
out  that  thirty-one  graduate  students  from  this  and  other  countries  are 
now  registered  for  special  study  in  the  Department  of  Agricultural  Eco- 
nomics and  Farm  Management. 

The  social  phase  of  country  life 

It  is  becoming  increasingly  apparent  that  the  problems  of  agriculture 
are  not  solely  those  of  the  technique  of  production  and  distribution. 
Agriculture  is  at  once  a  vocation  and  a  mode  of  life.  If  the  farm  enter- 
prise is  to  have  permanent  success,  life  must  be  satisf3dng  to  the  farm 
family.  More  economic  production  and  more  profitable  prices  for  farm 
products  are  essential,  but  economic  prosperity  will  not  of  itself  make 
the  life  of  the  rural  commimity  fully  satisfying.  Many  of  the  material 
advantages  of  the  city  can  be  purchased  by  fanners  if  they  have  more 
adequate  incomes;  but  the  superior  opportimities  offered  in  the  cities 
for  recreation,  education,  and  social  and  religious  life  will  continue  to  draw 
an  undue  proportion  of  the  more  ambitious  from  farms  and  villages  tmtil 
the  rural  community  is  so  organized  that  it  can  compete  with  the  city 
in  the  matter  of  attractions.  The  social  problems  of  country  life  cannot 
be  longer  neglected  if  we  are  to  maintain  the  best  t3rpe  of  American  citizen- 
ship on  our  farms. 

Our  new  understanding  of  human  nature  and  of  society  has  been  devel- 
oped by  the  sciences  of  psychology  and  sociology  chiefly  with  regard  to 
Me  under  urban  conditions;  but  the  use  of  the  methods  of  these  sciences 
in  the  study  of  rural  life  reveals  parallel  series  of  rural  social  problems 
challei^ing  the  best  scientific  ability.     Indeed,  it  seems  probable  that 
thorough  scientific  study  of  the  structure  and  process  of  rural  society, 
representing  the  type  of  social  organization  under  which  the  mass  of 
mankind  has  lived  from  the  dawn  of  civilization,  may  do  much  to  reveal 
principles  of  social  behavior  which  are  essential  to  the  solution  of  the 
problems  of  our  more  highly  complex  urban  society.     The  increased 
contact  of  rural  dwellers  with  cities,  better  communication  within  rural 
communities,  and  the  more  general  reading  of  the  press  and  periodical 
literature,  are  arousing  the  interest  of  these  people  in  rural  social  condi- 
tions.    Having  received  assistance  from  the  College  of  Agriculture  in 
their  problems  of  production,  the  people  of  the  open  country  now  look 
to  it  for  assistance  in  solving  those  of  social  organization.    We  are  as  yet 
meagerly  equipped  to  meet  these  needs  but  have  made  a  good  beginning. 
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The  chief  effort  of  the  Department  of  Rural  Social  Organization  in  the 
College  at  the  present  time  is  to  give  some  fundamental  training  in  the 
social  problems  of  rural  communities  to  undergraduate  students,  very 
many  of  whom  will  go  into  positions  of  leadership  where  they  can  educate 
public  opinion  to  the  importance  of  these  problems  and  can  arouse  interest 
which  will  result  in  community  progress.  The  demand  for  trained  teachers 
and  leaders  in  rural  sociology  and  rural  social  work  greatly  exceeds  the 
supply.  Because  of  its  pioneer  work  in  the  coimtry  life  movement,  Cornell 
University  is  expected  to  take  a  place  in  this  new  field,  and  it  is  hoped 
that  strong  courses  for  graduate  students  seeking  to  fit  themselves  for 
these  positions  may  be  developed. 

The  scientific  study  of  rural  social  problems  is  but  begun,  and  is  now 
developing  methods  and  inventing  technique.  Investigations  in  this 
field  is  slow  and  costly,  being  largely  dependent  at  the  present  stage  on 
the  stirvey  method  and  requiring  a  considerable  voltime  of  data  before 
interpretation  can  be  attempted.  With  the  present  unrest  among  the 
industrial  and  agricultural  classes,  it  is  of  the  highest  importance  that 
such  investigations  be  pushed  as  rapidly  as  possible  so  that  we  may  have 
some  measure  of  scientific  information  as  a  guide  for  shaping  social  policy. 
There  is  already  an  urgent  demand  that  immediate  assistance  be  given  to 
rural  communities  in  planning  such  enterprises  as  community  buildings, 
church  surveys,  recreation  programs,  and  commimity  organization. 

This  demand  should  be  met  without  neglecting  the  more  fundamental 
work  of  investigation.  Without  such  a  practical  testing  of  the  principles 
of  rural  social  science  so  far  tentatively  stated,  there  can  be  no  real  proof 
of  their  validity,  so  that  permanent  advance  in  this  field  must  always 
depend  on  the  opportunity  for  successful  application  of  the  principles 
advanced.  The  College  needs,  and  has  requested  of  the  Legislature, 
additional  teachers  for  both  the  resident  and  the  extension  phases  of  the 
work.  The  fullest  development  of  the  teaching  of  the  sociology  of  country 
life  in  this  College  will  be  conditioned  on  the  recognition  given  to  funda- 
mental courses  in  sociology  in  the  College  of  Arts  and  Sciences. 

The  rural  education  phase 

Since  the  passage  of  the  Federal  Vocational  Educational  Act  in  191 7, 
funds  from  state  and  federal  sources  have  made  possible  a  considerable 
development  of  the  Department  of  Rural  Education.  The  regulations 
governing  the  expenditure  of  the  funds  provided  for  under  the  Vocational 
Act,  however,  make  it  necessary  for  the  department  to  limit  its  instructional 
work  to  prospective  teachers  of  vocational  agriculture  and  home  economics. 
This  condition  needs  to  be  remedied  by  a  proportionately  larger  appro- 
priation of  state  funds  so  that  we  may  meet  the  demands  of  a  considerable 
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number  of  students  who  each  year  desire  professional  work  but  who  wish 
to  enter  other  phases  of  teaching  than  those  of  vocational  agriculture  and 
homemaldng. 

A  larger  responsibility  than  this,  however,  is  before  the  College.  Aside 
from  its  extension  activities,  which  center  in  the  Cornell  Rural  School 
Leaflet  and  the  junior  extension  work,  the  Department  of  Rural  Education 
has  little  contact  with  the  problems  of  elementary  education  in  the  rural 
communities  of  the  State.  Both  of  the  aforementioned  activities  are 
proving  their  worth,  but  the  scope  of  the  department  needs  to  be  broadened 
so  as  to  relate  its  work  to  both  the  elementary  and  the  secondary  schools 
of  the  rural  sections  of  the  State  if  we  are  to  make  our  full  contribution 
to  rural  education. 

The  importance  of  this  was  forcibly  brought  to  the  College  during  the 
last  Farmers'  Week,  when  the  State  Conference  of  Farm  Organizations 
passed  a  resolution  asking  the  Department  of  Rural  Education  to  organize 
a  committee  that  should  be.  representative  of  both  the  farming  and  the 
educational  interests  of  the  State  for  the  purpose  of  formulating  a  program 
for  rural  school  betterment.  Sufficient  time  has  not  since  elapsed  to  per- 
mit large  accomplishment  as  a  result  of  this  action.  It  is  already  evident, 
however,  that  there  is  need  for  a  larger  and  more  exact  body  of  information 
r^arding  school  conditions  in  the  State  than  is  at  hand.  Otir  Depart- 
ment of  Rural  Education  should  have  members  on  its  staff  who  are  free 
from  the  restrictions  of  the  Vocational  Educational  Act  so  that  they  may 
cooperate  with  the  State  Department  of  Education  in  making  such  studies 
as  will  furnish  the  necessary  data. 

The  need  for  a  body  of  well-prepared  men  and  women  for  leadership 
in  developing  the  professional  phases  of  rural  education  in  the  State 
becomes  daily  more  apparent.  Such  men  and  women  are  required  to 
administer  and  supervise  the  rural  schools,  and  to  prepare  teachers  for 
service  in  them.  While  these  persons  should  be  of  the  highest  professional 
attainments,  it  is  quite  as  important  that  they  should  be  intelligently 
sympathetic  with  life  in  the  rural  commimity.  They  should  be  familiar 
with  the  economic  and  social  problems  of  the  community.  The  back- 
ground of  a  college  of  agriculture  makes  it  the  logical  institution  to  prepare 
persons  for  this  service.  Especially  is  this  true  in  our  own  College,  in 
which  the  economic  phases  of  the  work  have  a  comparatively  large  measure 
of  development  and  the  sociological  phases  are  well  started. 

The  suggested  development  involves  no  duplication  of  the  work  of  the 
State  Department  of  Education.  It  will  be  a  means  of  supplementing 
the  activities  of  the  latter.  The  College  of  Agriculture  recognizes  that 
responsibility  for  the  administration  and  supervision  of  the  schools  of  the 
State  is  vested  in  the  State  Department  of  Education.    The  suggested 
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additions  will  provide  a  means  of  furnishing  trained  leaders  sudi  as  must 
be  available  if  the  State  Department  of  Education  is  to  carry  f onvard  a 
progressive  program  in  rural  education.  They  will  also  make  possible 
such  a  degree  of  cooperation  in  investigative  work  as  will  strengthen  the 
teaching  in  the  Department  of  Rtiral  Education  and  will  furnish  data  that 
are  needed  for  the  guidance  of  the  State  Department  of  Education  in 
administrative  action. 

Changes  in  the  staff 

During  the  year  covered  by  this  report  there  have  been  a  number  of 
important  changes  in  the  staff.  We  have  lost  the  following  valued  teachers, 
who  have  accepted  calls  to  other  fields :  Karl  J.  Seulke,  Professor  of  Animal 
Husbandry;  Mark  J.  Smith,  Assistant  Extension  Professor  of  Animal 
Husbandry;  John  H.  Voorhees,  Assistant  Extension  Professor  of  Farm 
Crops;  Warren  K.  Blodgett  and  James  L.  Strahan,  Assistant  Extension 
Professors  of  Rtiral  Engineering;  Lex  R.  Hesler,  Assistant  Professor  of 
Plant  Pathology;  Royal  Gilkey,  Assistant  Professor  in  Extension  Service; 
B.  A.  Chandler,  Assistant  Professor  of  Forest  Utilization. 

The  following  appointments  have  been  made  since  July  i,  1919:  E.  L. 
Worthen,  M.S.,  formerly  of  the  Pennsylvania  State  College,  Extension 
Professor  of  Soil  Technology;  Dr.  J.  E.  Butterworth,  formerly  Dean  of 
the  College  of  Education  of  the  University  of  Wyoming,  Professor  of  Rural 
Education,  in  charge  of  the  work  in  rural  school  administration;  Miss 
Cora  E.  Binzel,  formerly  of  the  University  of  Wisconsin,  Acting  Professor 
of  Rural  Education,  in  charge  of  the  professional  work  with  prospective 
teachers  of  homemaking;  Dr.  E.  N.  Ferriss,  formerly  of  the  University  of 
Oklahoma,  Acting  Assistant  Professor  of  Rural  Education,  in  charge  of 
the  work  in  secondary  education;  J.  D.  Brew,  B.S.,  formerly  of  the  State 
Experiment  Station,  Assistant  Extension  Professor  of  Dairy  Industry; 
Dr.  E.  L.  Palmer,  formerly  of  Iowa  State  Teachers  College,  Assistant 
Professor  of  Rural  Education,  in  charge  of  the  Cornell  Rural  School 
Leaflet;  Dr.  L.  H.  McDanids,  Assistant  Professor  of  Pomology; 
Miss  B.  E.  Scholes,  B.S.,  Assistant  Extension  Professor  of  Home 
Economics;  F.  G.  Behrends,  B.S.,  Assistant  Extension  Professor  of 
Rtural  Engineering;  R,  M.  Adams,  B.S.,  A.B.,  Assistant  Extension  Pro- 
fessor of  Vegetable  Gardening;  Dr.  H.  W.  Dye,  Assistant  Professor 
of  Plant  Pathology. 

On  May  i,  1920,  the  Board  of  Trustees  appointed  Dr.  Cornelius  Betten, 
who  for  five  years  has  served  the  College  with  conspicuous  success  as 
Secretary  and  Registrar,  to  the  newly  created  position  of  Vice  Dean  of 
Resident  Instruction,  a  position  for  which  he  is  eminently  qualified  by 
training  and  experience  and  the  confidence  of  his  associates.    On  Jtme 
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21  the  Board  appointed  Dr.  W.  H,  Chandler  to  the  new  position  of  Vice 
Director  of  Research.  Dr.  Chandler  came  to  the  institution  in  19 13 
primarily  to  engage  in  pomological  research.  When  Professor  C.  S. 
Wilson  was  appointed  State  Commissioner  of  Agriculture  in  1916,  Dr. 
Chandler  was  made  head  of  the  Department  of  Pomology.  His  scientific 
accomplishments,  together  with  his  demonstrated  ability  in  administra- 
tion, conmiended  him  to  his  colleagues  and  to  the  Director  for  the  more 
responsible  duties  of  the  vice-directorship  of  research.  On  June  21 
the  Board  of  Trustees  appointed  Dr.  Robert  P.  Sibley,  formerly  of  Lake 
Forest  College,  as  Secretary  of  the  College  of  Agriculture. 

The  student  enxoUment 

The  number  of  students  registered  during  1919-20  shows  a  partial  return 
to  pre-war  conditions.  That  the  return  is  retarded  in  comparison  with 
that  of  other  colleges  in  the  University  doubtless  reflects  the  agriculttual 
situation  in  the  State,  particularly  the  shortage  of  farm  labor  which  in 
many  cases  forces  the  farm  boy  to  remain  at  home.  It  is  probable  that 
the  greater  financial  retiun  in  other  industries  also  has  its  influence.  The 
figures  for  1919-20  and  for  the  preceding  year  are  given. 

Regular  undergradtiate  students                    1919-20  1918-19 

Freshmen 414  259 

Sophomores 247  241 

Juniors 253  197 

Seniors 302  174 

1,216    871 

Special  students 89                           43 

Winter-cottrse  students 

Agriculttire  (General) 231  44 

Dairy  Industry 55  14 

Poultry  Husbandry 48  7 

Fruit  Growing 22                    

Home  Economics 21  8 

Flower  Growing 10  3 

V^etable  Gardening 9  7 

396    83 

Smmner  school  students 530  493 

Graduate  students 229  166 


2,460  I 1656 


The  total  number  of  different  individuals  registered  during  the  year  is 
2356.  The  fact  that  the  numbers  of  students  in  the  upper  three  classes 
are  in  the  inverse  of  the  normal  relation  is  of  course  due  to  the  rettun  of 
students  from  war  service. 
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Phases  of  instructica 

The  changes  in  the  courses  during  the  year  are  not  striking.  In  the  new 
Department  of  Rural  Social  Organization  a  course  on  the  rural  family 
and  one  on  social  studies  in  the  high  school  have  been  added.  The  Depart- 
ment of  Meteorology  has  instituted  a  course  on  the  use  of  meteorological 
instruments. 

The  School  of  Home  Economics  has  added  a  course  on  health  in  the  home, 
one  on  diet  and  disease,  a  teachers'  course  on  foods  and  nutrition,  and  a 
seminary  on  nutrition.  In  connection  with  the  course  on  diet  and  disease, 
clinical  work  was  done  with  patients  under  the  care  of  the  university 
medical  advisers;  similarly,  the  teachers*  course  gave  opportunity  for 
clinical  work  in  the  Ithaca  public  schools.  The  feeding  of  a  healthy  babe 
and  of  an  older  retarded  child  was  studied  in  connection  with  the  course 
on  nutrition  and  dietetics. 

The  Department  of  Forestry  has  rearranged  its  curricultmi,  abandoning 
the  former  plan  of  having  both  formal  instruction  and  field  work  in  the 
simmier  term.  The  lecture  and  recitation  courses  of  this  term  have  been 
transferred  to  the  first  and  second  terms.  The  three  months  of  field  work 
to  be  done  with  a  forestry  party  or  in  a  forest  industry  is  moved  forward 
from  the  first  term  of  the  senior  year  to  the  simimer  following  the  freshmen 
year,  and  in  addition  a  month  of  field  work  under  the  direction  of  the 
department  staff  is  required  in  a  subsequent  summer. 

It  is  gratifying  to  record  that  for  the  second  time  the  fellowship  in 
landscape  architecture  in  the  American  Academy  in  Rome  is  awarded  to 
a  graduate  of  the  Department  of  Landscape  Art.  Among  fourteen 
competitors,  two  graduates  of  the  department  —  Ralph  E.  Griswold,  *i6, 
and  Fabian  McK.  Smith,  '17  —  qualified  in  the  preliminary  trials,  the 
former  being  given  the  final  award  with  Mr.  Smith  standing  second. 
Edward  G.  Lawson,  '13,  is  just  completing  the  fellowship  term  of  three 
years  which  he  won  in  the  only  previous  competition. 

During  the  year  the  Trustees  of  the  University  purchased  the  Mead 
farm  of  forty  acres  and  made  it  available  for  the  ptirposes  of  the  State 
College  of  Agriculture.  The  farm  has  been  rented  by  the  College  for  a 
number  of  years.  Because  of  its  location,  near  the  bams,  it  is  a  very 
valuable  permanent  addition  to  the  facilities  of  the  Coll^^e. 

THE  EXTENSION  ACTIVITIES 

The  organization  of  the  extension  service  as  such  was  effected  on  July 
I,  1914.  The  period  from  1915  to  1918  was  one  of  rapid  and  wide  expan- 
sion. The  farm  bureau  system  was  developed  for  the  entire  State  and  the 
home  bureau  system  for  half  the  State,  the  junior  work  was  established, 
and  specialists  were  employed  in  thirteen  of  the  sixteen  departments  of 
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the  College  to  carry  forward  the  technical  demonstration  work  in  the  field. 
This  expansion  was  made  possible  by  increases  in  funds  under  the  Smith- 
Lever  and  the  state  appropriation  acts,  and  by  the  war  emergency  funds 
pirovided  by  the  Federal  Government. 

The  work  was  conducted  during  1919-20  under  the  same  administrative 
arrangement  as  in  the  previous  year.  The  transfer  of  the  office  of  state 
leader  of  Home  Demonstration  agents  from  the  Extension  Department  to 
the  School  of  Home  Economics,  and  the  placing  of  the  county  agent  leader 
in  charge  of  administrative  relationships  with  cotmty  organizations 
involving  both  farm  and  home  bureaus,  has  effected  better  correlation 
with  both  the  subject-matter  and  the  field  organizations. 

The  fiscal  year  ending  June  30,  1920,  has  necessarily  been  one  of  con- 
solidation and  coordination  of  the  efforts  of  these  various  divisions,  and 
the  general  rounding  out  and  better  relating  of  the  college  service  to  the 
county  organizations  cooperating  in  the  support  of  county  agent  work. 

Progress  and  results 

The  Extension  Service  in  now  more  complete,  more  comprehensive, 
and  more  effective  than  ever  before  in  its  history.  Much  progress  has  been 
made  in  the  organization  of  definite  projects  to  meet  the  county  programs 
of  work.  A  few  of  the  specific  and  noteworthy  developments  of  the 
year  are  here  recorded. 

Better  correlation  has  been  brought  about  between  county  agents  and 
speoalists  in  solving  county  programs.  The  factor  that  has  contributed 
the  most  to  this  end*has  been  group  conferences  between  county  agents 
and  specialists.  The  establishment  of  a  regular  systematic  news  service, 
prepared  by  specialists  for  the  farm  and  home  bureau  news  and  furnished 
through  the  Office  of  Publication,  has  also  helped. 

The  Extension  Service  has  been  naade  more  nearly  adequate  to  the  needs 
of  the  State  by  the  addition  of  specialists  in  entomology,  farm  crops, 
vegetable  gardening,  rural  engineering,  and  home  economics,  and  by  the 
organization  of  the  junior  extension  office.  Monthly  conferences  of  all 
members  of  the  Extension  Service  have  been  held,  and  these  have  resulted 
in  much  better  understanding  of  the  whole  program  of  the  College  and  of 
the  relation  of  its  parts  to  one  another,  and  generally  in  better  team  work. 
Considerable  progress  has  been  made  in  bringing  the  facilities  of  the 
Service  to  bear  on  the  problems  of  marketing  and  distribution  as  well  as 
on  those  of  production.  This  result  has  been  attained  more  by  a  redirection 
of  present  forces  than  by  the  appointment  of  new  persons.  While  only 
a  b^inning  has  been  ntiade,  the  total  results  are  already  large. 

The  initiating  and  successful  carrying  out  of  three  Fanners*  Field  Days 
daring  the  last  days  of  Jtme  marked  a  new  and  promising  effort  to  bring 
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farmers  of  the  State  into  more  direct  and  intelligent  contact  with  the  College 
of  Agriculttire  and  with  its  possibilities  for  service. 

The  reorganization  of  the  reading  courses  in  agriculture  to  bring  them 
into  better  relationship  with  the  general  publication  and  news  service, 
and  the  beginning  of  the  development  of  systematic  correspondence  courses, 
also  marks  a  progressive  step. 

Group  activities 

A  large  part  of  the  extension  work  of  the  departments  of  the  College  is 
carried  on  through  institutes,  schools,  and  meetings  in  which  two  or  more 
departments  are  represented.  These  are  arranged  by  and  through  two 
central  extension  offices,  one  in  agriculture  and  one  in  home  economics. 
All  these  activities,  in  fact  practically  all  extension  work  except  state-wide 
meetings  and  exhibits  and  the  distribution  of  bulletins,  are  conducted 
through  and  in  cooperation  with  the  county  farm  and  home  bureaus. 
The  organization  and  administration  of  these  bureaus  is  supervised  by 
the  central  farm  and  home  bureau  offices  under  the  general  direction  of 
the  county  agent  leader,  who  is  responsible  for  working  agreements  with 
the  county  associations,  for  financial  arrangements,  and  for  the  general 
supervision  of  the  county  agents'  work. 

The  extent  and  character  of  the  activities  of  the  Extension  Service  can 
best  be  indicated  in  a  summary  of  meetings,  attendance,  publications,  and 
news  printings.  The  personal  contacts  here  recorded,  numbering  more 
than  a  million,  probably  represent  actual  contacts  Y^th  from  150,000  to 
200,000  different  individuals. 

Summary  op  Group  Activities 

Agriculture 

Number  of 
persons    i 
T3rpe  of  activity  reached    \ 

Extension  schools,  49 1 7699 

Farmers'  institutes,  379 29,312 

Lectures  by  specialists,  1,040 65,917 

Demonstration  meetings,  1,143 44>io6 

Conferences,  884 19 ,009 

Farm  visits  and  inspections,  3,885 3 ,885 

Farmers'  Field  Da)^,  3 7 ,000  (est.) 

Better-Seed  Special,  i i >9i6 

Farmers*  Wedc,  i 2 ,654 

Exhibits  at  State  Fair No  record 

Exhibits  at  county  fairs,  25 48,600 

Total 224,098 
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Home  economics 

Extension  schools,  41 2,735 

Lectures  by  specialists,  418 26,859 

Danonstration  meetings,  344 i5;562 

Conferences,  86 i ,  707 

Exhibits  at  State  Pair No  record 

Total 46,863 

Miscellaneous 

Lectures,  committee  meetings,  and  conferences 
by  county  agent  leaders,  211 12,068 

Meetings  and  demonstrations  organized  or 
addr^sed  by  county  agricultural  agents,  6,587      385,913 

Total 397 ,981 

Lectiires,  committee  meetings,  and  conferences 

by  home  demonstration  agent  leaders,  361 18,673 

Meetings  organized  or  addressed  by  county  home 

demonstration  agents,  4,466 213 ,  185 

Total 231 ,858 

Meetings  organized  or  addressed  by  state  and  county  junior 
extension  leaders,  8,317 i37>433 

Grand  total  of  personal  contacts  through  Extension 
Service 1,038,233 

Farm  and  home  bureaus 

The  farm  bureau  movement  was  begtm  in  this  State  about  nine  years 
ago  On  191 1)  and  its  organization  was  completed  in  1918.  It  has  had  a 
rapid  but  sound  growth,  chiefly  because  it  is  based  on  the  principle  of  self- 
help  as  exemplified  in  the  county  associations. 

Two  outstanding  developments  have  marked  the  past  year  in  relation 
to  the  individual  fanner  membership  in  the  fifty-five  farm  bureau  associa- 
tions. The  first  of  these  was  the  almost  unanimous  decision  by  the  several 
associations  to  amend  their  constitutions  to  provide  for  an  increase  in  the 
membership  fee  from  $1  to  $2  for  the  year  1920.  The  second  was  the 
excellent  response  from  the  fanners  in  returning  a  membership  of  55,766 
as  of  June  30,  1920.  While  this  means  10,959  l^ss  members  than  in  the 
preceding  year,  it  should  be  noted  that,  since  the  fee  was  doubled,  the 
amotmt  of  funds  contributed  by  the  fanners  was  nearly  doubled.  The 
reason  for  the  increased  membership  fee  was  that  the  bureaus  needed  more 
funds  to  carry  on  their  programs  and  to  support  state  and  national  federa- 
tions. A  more  liberal  financial  support  of  their  organizations  by  the  fanners 
loay  also  beget  a  more  active  interest,  and  more  real  work  for  their  success. 
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Home  bureau  work,  which  was  begun  in  1915  but  experienced  its  largest 
development  during  the  war,  has  made  much  progress  toward  permanent 
organization  in  the  past  year.  Home  demonstration  agents  are  now 
employed  in  twenty-five  counties  and  two  cities.  The  central  oflBce  of 
home  bureaus,  located  in  the  School  of  Home  Economics,  works  under  the 
general  direction  of  the  county  agent  leader  in  making  the  cooperative 
contacts  with  the  executive  and  advisory  committees  in  the  organization 
and  supervision  of  the  home  bureau  activities.  A  further  report  of  the 
work  is  given  on  page  48,  under  Home  Economics. 

In  the  twenty-five  cotinties  already  organized,  there  is  being  effected 
as  rapidly  as  possible  a  reorganization  providing  for  a  joint  farm  and  home 
bureau  association,  with  two  departments,  jointly  directed  by  ^  board  of 
directors  of  men  and  women.  In  these  counties  the  organization  is  recog- 
nized by  law  as  a  County  Farm  and  Home  Bureau  Assodaiian  (Section 
28-A,  Chapter  499,  Laws  of  New  York,  May  9,  1919). 

The  executive  committees.  The  executive  committees  work  more  and 
more  efficiently  year  by  year.  The  reasons  are  obvious.  As  the  work 
develops  and  broadens,  the  responsibilities  of  the  bureaus  are  increased. 
The  members  of  the  executive  committees,  realizing  these  responsi- 
bilities, are  giving  more  serious  thought  to  directing  the  work  of  the 
county  agent.    They  give  freely  of  their  time  and  their  energies. 

Defining  relationships.  For  the  purpose  of  defining  clearly  the  relation- 
ships and  points  of  contact  between  the  state  office  and  the  county  associa- 
tions, and  for  purposes  of  record,  memoranda  of  understanding  have  been 
drawn  up  by  the  state  office  and  adopted  by  the  cotmty  associations 
covering  the  following  points: 

1.  A  revised  form  of  constitution  and  by-laws  for  county  farm  and  home 
bureau  associations. 

2.  An  agreement  between  the  county  association  and  the  cotmty  board 
of  supervisors  concerning  county  appropriations. 

3.  A  revised  agreement  between  the  state  cotmty  agent  leader  and 
each  county  association  covering  the  maintenance  and  operation  of  the 
farm  and  home  btueau  for  1920. 

Correlation  and  systematization.  Considerable  progress  has  been  made 
since  last  year  in  correlating  the  methods  of  work  in  the  field  with  projects, 
and  in  the  offices  with  records  and  reports.  Progress  has  been  made  also 
in  the  detailed  administration  of  the  work.  A  new  form  of  double-entry 
financial  records  has  been  installed  for  both  branches  of  the  work,  and  pro- 
vision has  been  made  for  annual  inventories  of  the  property  of  the  bureaus. 
Material  progress  has  been  made  in  bringing  the  field  program  of  the  agents 
into  line  with  the  projects  of  work  organized  and  supervised  by  specialists, 
although  much  yet  remains  to  be  done. 
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An  advance  in  methods  of  holding  conferences  of  county  agents  and 
extension  specialists  was  furnished  in  the  five  regional  conferences  held  in 
the  early  part  of  April,  1920.  At  these  conferences,  which  were  of  three 
days  duration,  opportunity  was  provided  for  the  county  agents  to  confer 
individually  with  each  extension  specialist,  to  make  definite  plans  for  the 
field  work  during  the  coming  season,  and  to  make  arrangements  with 
specialists  for  a  definite  amount  of  assistance.  As  a  result  of  these  confer- 
ences a  much  better  understanding  and  acquaintanceship  was  created. 

Supervisoiy  activities  of  central  office  staff*  To  assist  in  developing 
the  eflSciency  of  every  farm  bureau  association  in  the  State  is  the  chief 
work  of  the  staff  of  the  central  office.  The  activities  of  this  force  fall 
under  at  least  five  heads: 

1.  Assisting  agents  and  executive  committees  in  strengthening  and 
developing  their  county  associations. 

2.  Holding  personal,  district,  and  state-wide  conferences  of  agents. 

3.  Rendering  personal  assistance  to  agents  in  the  correlation  of  office  and 
field  work. 

4.  Effecting  cooperative  relationships  between  farm  bureau  associa- 
tions and  other  interests. 

5.  Inspecting  and  summarizing  reports  and  records. 

Changes  in  personneL  An  unusual  number  of  changes  in  the  personnel 
of  the  central  ofiBce  staff  and  among  the  county  agents  have  taken  place 
within  the  past  fiscal  year. 

Professor  H.  E.  Babcock,  formerly  State  County  Agent  Leader,  resigned 
from  that  office  on  Jtine  1,1920.  Jay  Coryell  was  promoted  from  Assistant 
Leader  to  County  Agent  Leader,  assuming  his  new  duties  on  June  i. 

T.  E.  Milliman,  who  had  been  Assistant  County  Agent  Leader  dtuing 
the  greater  part  of  the  year,  resigned  on  October  i,  1919,  to  assume  the 
managership  of  the  organization  department  of  the  Dairymen's  League. 
L.  A.  Toan,  Assistant  State  Leader,  resigned  on  June  i,  1920,  to  take  up 
work  in  connection  with  a  seed  firm  in  western  New  York.  To  fill  these 
respective  vacancies,  L.  R.  Simons,  formerly  agriculturist  in  the  office 
of  the  States  Relations  Service  at  Washington,  D.  C,  and  C.  A.  Taylor, 
who  for  the  past  five  years  has  been  county  agent  in  Herkimer  County, 
were  appointed.  Mr.  Simons  and  Mr.  Taylor  assimied  their  new  duties 
on  Jtme  i,  1920. 

Between  July  i,  1919,  and  June  30,  1920,  twenty-three  county  agents, 
or  nearly  42  per  cent  of  the  entire  nimaber,  resigned  or  were  changed  from 
one  coimty  to  another.  Many  of  the  county  agents  have  left  the  work 
primarily  because  of  better  financial  opportunities  elsewhere.  This  has 
been  the  largest  overtimi  among  county  agents  in  New  York  State  since 
the  bureaus  were  organized. 
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Schools,  institutes,  and  community  meetings 

Extension  schools  in  agriculture.  During  the  winter  of  1919-20  there 
were  49  farm  demonstration  schools  held,  with  a  total  enrollment  of  1699. 
This  is  nearly  double  the  number  of  schools  held  during  the  winter  of  19 18- 
19,  and  more  than  double  the  total  enrollment.  In  spite  of  the  severe 
winter  there  were  eighteen  schools  with  a  roll  of  40  or  more,  as  against 
three  for  the  preceding  year. 

The  three-da3rs  schools  begtm  last  year  proved  very  popular,  31  out 
of  the  49  schools  held  this  year  being  of  that  type.  Most  of  these 
were  for  special  work,  such  as  with  gas  engines  and  milking  machines, 
and  for  potato  growing.  There  were  three  potato-growing  schools  held, 
with  an  average  enrolhnent  of  38  persons.  The  five  milking-machine 
schools,  with  an  average  enrollment  of  41.6,  also  proved  highly  successful. 
Probably  the  most  popular  of  the  new  three-days  special  schools  were  the 
gas-engine  schools,  of  which  ten  were  held  with  an  average  enrollment  of 
29.9.  Although  most  of  the  three-days  farm-mechanics  and  milking- 
machine  schools  required  an  additional  instructor  on  the  third  day,  the 
average  ntunber  of  instructors  (2.4)  is  lower  than  ever  before. 

Special  effort  was  made  this  year  to  introduce  demonstration  material 
into  the  courses,  and  the  students  were  urged  to  furnish  material  for  local 
exhibits  for  study  and  judging. 

A  summarized  statement  relating  to  the  extension  schools  follows: 

Ntmiber  of  schools  held 49 

Cotmties  reached 28 

Total  enrollment  (48  schools) i  ,699 

Average  enrollment  (48  schools) 35 •  40 

Largest  enrollment 72       (Rochester) 

Smallest  enrollment 6       (Troupsburg) 

Highest  percentage  of  attendance 90 .  25  (Interlaken) 

Average  attendance  at  each  session  (49  schools) . .  23 .  48 

Average  number  of  instructors  to  each  school ...  2.4 

Length  of  school  season  (weeks) 16 

Instruction  was  given  as  follows: 

Number  Niimber 

of  of 

days     schools 

Agricultural  chemistry 2  i 

Animal  husbandry 56  16 

Dairy 15  5 

Entomology 4  2 

Farm  crops 46  14 

Farm  management 7  3 

Plant  pathology 15  6 

Pomology 19J  7 

Poultry 8  3 
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Number  Number 
of  of 

days    schools 

Rural  engineering 147  26 

Soils 33  8 

Vegetable  gardening 2  i 

Miscellaneous 9  J  3 

(Outside  assistance) 

Fanners'  institutes.  This  year  21  more  farmers'  institutes  were  held 
than  in  the  season  of  1918-19.  The  number  of  institutes  scheduled  was 
395,  but  16  of  these  were  canceled  because  of  iUness  in  the  commtmities 
or  because  of  bad  roads.  The  attendance  at  the  institutes  this  year, 
however,  showed  a  considerable  decrease.  The  average  attendance  for 
the  whole  season  was  38,  as  compared  with  56  for  last  year. 

Homemakers'  conferences  were  held  at  all  but  19  of  the  institutes.  The 
decrease  in  attendance  at  these  conferences  was  not  so  great  as  in  the  meet- 
ings for  men.  This  year  the  average  attendance  at  homemakers*  confer- 
ences was  22,  while  last  year  it  was  26. 

Seven  two-days  institutes  were  held  this  year.    Twelve  persons  were 

employed  regularly,  and  thirty-nine  were  employed  at  irregular  intervals 

or  for  short  periods.    The  following  table  shows  comparative  figures  for 

1919  and  1920- 

1918-19  1919-20 

Number  of  meetings 358  379 

Number  of  sessions 745  772 

Number  of  homemakers'  conferences 321  360 

Attendance 

Total 41,642  29,312 

Men 33 ,  160  21, 429 

Women 8,482  7,883 

Average  attendance  per  session 56  38 

Women 26  22 

Community  meetings.  The  greater  part  of  the  extension  activities  in 
the  past  year  comprised  single-session  meetings.  During  the  winter  such 
meetings  are  more  or  less  general  in  character,  though  most  of  them  are 
called  for  the  purpose  of  discussing  some  specific  problem.  During  the 
summer  the  specialists  give  their  chief  energies  to  training,  directing,  and 
supervising  local  leaders  in  the  conduct  of  field  trials  and  making  local 
demonstrations  of  the  value  of  general  recommendations.  This  work  is 
described  in  the  reports  of  the  several  subject-matter  departments. 

The  totals  of  meetings  other  than  schools  and  fanners'  institutes  for  the 
eleven  months  ending  May  31,  1920,  are:  3746  da3rs  in  the  field;  875 
demonstrations,  attended  by  45,135  persons;  1024  lectures  to  63,759 
persons;  788  conferences  and  conventions,  with   17,219  present;  3147 
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inspections;  and  218  days  with  exhibits  at  fairs  and  similar  gatherings. 

There  were  in  addition  a  number  of  group  projects,  as  Fanners'  Week, 
summer  field  days,  demonstration  trains,  exhibits  at  fairs,  district  confer- 
ences with  coimty  agents,  and  other  special  conferences,  which  are  reported 
elsewhere. 

Better -Seed  Special.  In  the  spring  of  1920,  a  "  Better-Seed  Special  " 
demonstration  train  was  operated  over  the  lines  of  the  Lehigh  Valley, 
the  Erie,  the  New  York  Central,  the  New  York,  Ontario,  &  Western, 
and  the  Delaware  and  Hudson  Railroad  Company,  through  21  counties 
in  eastern  New  York.  This  was  the  continuation  of  a  similar  train  operated 
through  western  New  York  the  preceding  year. 

The  cars  were  in  operation  22  days,  making  46  stops  in  the  21  counties, 
with  a  total  attendance  of  1916  persons,  or  an  average  of  41.7  to  each  stop. 
Unusually  difficult  travel  on  most  country  roads  during  March  resulted  in 
low  attendance. 

Farmers'  Week,  The  thirteenth  annual  Fanners'  Week  was  held  at 
the  College  February  9  to  13.  The  total  registration  was  2654,  with  a 
probable  attendance  much  greater  than  that.  It  was  apparent,  however, 
that  there  was  a  material  falling-off  in  the  attendance  as  compared  with 
previous  years.  This  is  believed  to  be  due  to  difficulties  attendant  upon 
illness  and  interruptions  to  transportation.  The  program  did  not  differ 
materially  in  character  from  that  of  previous  years  and  the  interest  was 
good  throughout.  A  cotmtry  newspaper  day  was  a  new  feature.  In 
addition  to  the  regular  staff  of  the  College  of  Agriculture,  seventy-four 
outside  speakers  took  part  in  the  program,  which  may  be  summarized  as 
follows: 

Lectures  given 243 

Demonstrations  and  roimd  tables 105 

Conventions  and  conferences 9 

Practice  periods 32 

Exhibits 20 

Entertainments  and  banquets,  including  motion  pictures 11 

Contests,  including  students*  judging  and  speaking 10 

Registration  for  week 2 ,  654 

Field  Days.  The  Farmers'  Field  Days,  held  on  June  30  and  July  i  and  2, 
established  a  new  event  for  this  College,  although  other  similar  institu- 
tions have  for  several  years  held  large  summer  farmers'  meetings  at  the 
experiment  stations.  The  primary  object  is  to  provide  opporttinity  for 
relatively  large  groups  of  interested  persons  to  insf)ect,  vmder  the  guidance 
of  members  of  the  college  staff,  the  farm  operations  and  experiments  being 
conducted  at  the  college  station  at  a  season  of  the  year  when  growing  crops 
can  be  viewed  to  the  best  advantage,  affording  in  many  cases  ocular  demon- 
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stration  of  the  relative  value  of  certain  practices,  and  particularly  the 
results  of  long-time  experiments. 

For  the  most  part,  farmers  came  for  one  day  only,  and  nearly  all  came 
by  automobile.  The  middle  day  of  the  three  brought  by  long  odds  the 
largest  attendance.  It  did  not  seem  practicable  to  register  the  visitors. 
It  is  probable  that  there  were  5000  present  on  the  middle  day  alone,  and 
about  1000  on  the  first  and  on  the  last  day.  The  project  was  considered 
entirely  successful,  and  it  will  be  repeated,  with  certain  minor  modifications 
suggested  by  this  initial  experience. 

Junior  extension 

Much  progress  has  been  made  during  the  year  in  the  junior  project 
work  carried  on  by  the  Department  of  Rural  Education  in  cooperation 
with  the  State  Department  of  Education.  In  addition  to  these  organized 
efforts,  some  work  has  been  done  in  every  coimty  in  the  State  through 
coimty  agents,  superintendents  of  schools,  teachers,  and  interested  indi- 
viduals, particularly  in  effecting  organization  on  a  permanent  and  covinty 
basis.  Eighteen  coimties  have  employed  leaders  during  all  or  a  part  of  the 
time. 

Twenty-one  counties  had  definite  organizations  for  directing  the  work 
during  1919.  These  organizations,  known  as  county  boards  of  jtmior 
extension,  are  composed  equally  of  representatives  of  county  farm  and 
home  bureaus,  and  representatives  of  the  schools  including  school  super- 
intendents. These  boards  act  in  an  advisory  capacity,  but  they  are 
usually  responsible  for  the  raising  of  local  ftmds  and  for  the  local  direction 
of  the  work. 

These  county  leaders  have  been  helped  by  two  college  specialists  in 
homemaking,  one  in  gardens  and  crops,  and  one  in  poultry.  The  College 
has  furnished  publications  and  record  books  also. 

The  scope  of  the  work  is  indicated  by  the  following  twelve  approved 
projects: 

Gardening  Calf  raising 

Potato  growing  Pig  raising 

Com  growing  Sheep  raising 

Bean  growing  Cow  testing  and  record  keeping 

Poultry  raising  Food  (including  canning) 

Rabbit  raising  Clothing 

The  work  in  each  of  these  projects  is  divided  into  three  classes  or  grades, 
according  to  the  age  of  the  worker,  as  follows:  Class  A,  children  up  to  11 
years  old;  Class  B,  children  from  12  to  15  years  old;  Class  C,  girls  and  boys 
from  16  to  19  years  old. 
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There  were  263  leaders,  some  of  them  paid  and  some  voluntary.  These 
leaders  reported  a  total  enrollment  in  all  projects  of  20,686  workers,  of 
whom  14,817,  or  17.6  per  cent,  had  reported  their  projects  completed  on 
December  i,  1919.  Local  supervision  has  been  provided  by  the  school 
boards  of  education. 

County  and  local  fairs  have  shown  an  increasing  interest  in  the  work, 
and  many  school  and  commtmity  fairs  or  achievement  days  have  been  held, 
at  which  project  workers  have  received  achievement  pins  furnished  by  the 
State  Bankers  Association,  and  certificates  furnished  by  the  State  Depart- 
ment of  Education.  The  State  Fair  Commission,  through  generous 
appropriations,  made  possible  the  exhibition  of  each  of  the  projects  in 
a  separate  booth  and  the  paying  of  the  expenses  of  eight  of  the  champion- 
ship demonstration  teams  to  the  fair.  These  teams  were  later  sent  with 
exhibits  to  the  Eastern  States  Exposition  at  Springfield,  Massachusetts. 

Publications 

A  new  development  in  the  Ofiice  of  Publication  during  the  year  was  the 
beginning  of  extension  work  with  country  newspapers,  recognizing  the 
country  newspaper  as  an  important  agency  in  rural  development.  An 
investigation  as  to  present  tendencies  in  the  field  9f  the  country  weekly 
revealed  the  needs  which  the  College  has  endeavored  to  meet  by  furnish- 
ing a  regular  news  service  in  agriculture  and  home  economics  to  the  rural 
press.  A  country-newspaper  conference  was  held  at  the  CoU^ie  dtiring 
Farmers*  Week,  and  ribbons  were  awarded  respectively  to  those  papers 
that  presented  the  best  front  page  make-up,  and  to  those  that  served  their 
commimities  best. 

The  major  part  of  the  work  of  the  Office  of  Publication  has  to  do  with 
the  extension  of  agricultural  information  through  print.  This  is  done  by 
means  of  the  regular  publications  listed  as  a  part  of  this  report,  by  the 
Extension  Service  News,  by  the  Service  Sheet  to  country  newspapers, 
by  the  regular  news  service  to  the  farm  bureau  papers  of  the  State,  by 
counsel  and  conference  with  the  farm  and  home  bureau  managers  for  the 
improvement  of  the  papers  issued  by  each  county  farm  bureau,  and  by 
news  service  to  the  daily  and  the  weekly  press. 

The  news  service  to  the  press  has  been  increasingly  used,  and  the  circu- 
lation of  news  items  during  the  fiscal  year  was  more  than  one  hundred 
million  separate  printings,  as  compared  with  67,236,205  during  the  pre- 
ceding year.    This  record  is  based  on  clippings  actually  seen  at  the  College. 

Among  the  resolutions  passed  by  the  Association  of  Agricultural  College 
Editors  at  its  meeting  in  Amherst,  Massachusetts,  on  Jime  30,  1920,  was 
the  following:  "  Resolved,  that  this  Association  indorses  the  pioneer 
efforts  in  'extension  work  for  country  newspapers'  made  by  the  New  York 
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State  College  of  Agriculture  at  Cornell  University,  and  recommends  that 
it  be  brought  to  the  attention  of  the  States  Relations  Service,  United  States 
Department  of  Agriculture,  and  to  the  state  directors  of  extension,  with 
a  view  to  including  'extension  work  for  country  newspapers'  in  the  exten^ 
sion  programs  of  other  States."  Hiis  association  consists  of  rqnesenta* 
tives  from  forty-one  colleges. 

Ninety-three  publications  of  the  College  and  Experiment  Station,  with  & 
total  circulation  of  more  than  a  million  and  a  half  copies,  have  been 
printed  and  distributed  to  the  people  of  the  State  and  to  teachers  and 
investigators  in  other  States.  A  list  of  these  publications  is  given  on 
pages  74  to  77. 

On  July  5,  1919,  the  rented  storage  warehouse  in  which  reserve  supplies 
of  publications  were  kept  was  burned  to  the  ground,  together  with  its 
contents.  Provision  has  since  been  made  for  a  more  suitable  storage 
building. 

Reading  coorae  for  the  farm.  During  the  past  year  a  committee  has 
made  a  study  of  the  reading-course  situation  and  has  submitted  recom- 
mendations which  have  been  adopted,  with  a  view  to  putting  the  systematic 
study  of  reading-course  lessons  on  a  more  definite  footing.  These  recom- 
mendations provide  for  the  elimination  of  duplications  in  mailing  lists, 
for  the  reduction  of  the  distribution  of  reading-course  lessons  to  those 
actually  returning  the  lessons,  for  the  more  careful  supendsion  of  the 
readers,  and  for  the  establishment  of  Cornell  farm  study  courses.  It  is 
planned  to  use  the  bulletins  of  the  United  States  Department  of  Agri- 
culture and  the  Geneva  Experiment  Station  in  the  fann  study  courses, 
and  to  expand  the  advanced  reading  courses. 

In  the  latter  part  of  1919,  the  supervisor  of  the  reading  course,  Assistant 
Professor  Royal  Gilkey,  who  during  a  leave  of  absence  had  been  teaching 
agriculture  at  Greene,  New  York,  decided  to  continue  teaching,  and 
resigned  from  his  position  at  the  College.  During  Professor  Gilkey's 
absence  Professor  D.  J.  Crosby  carried  the  work  of  his  oflSce.  Before  the 
end  of  the  fiscal  year  arrangements  had  been  made  to  transfer  the  work 
of  the  Farm  Study  Courses  to  the  OflSce  of  Publication. 

Extension  in  rusal  education.  The  appointment  of  Assistant  Professor 
E.  L.  Palmer,  in  the  Department  of  Rural  Education,  as  editor  of  the  Cor- 
nell Rural  School  Leaflet,  has  made  it  possible  to  again  issue  that  publica- 
tion regularly.  The  calls  that  came  from  district  superintendents  and 
teachers  during  the  year  when  publication  was  suspended  is  ample  evidence 
that  the  Leaflet  is  filling  a  real  need  in  the  rural  schools  of  the  State. 

Exhibits 

Each  year  the  College  exhibits  some  phases  of  its  work  at  the  State 
Pair,  at  the  county  fairs  so  far  as  its  funds  and  the  time  of  its  staff  permit, 
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and  at  certain  other  expositions  as  occasion  demands.  This  work  is  a 
severe  tax  on  college  resources,  since  no  special  provision,  either  of  men 
or  of  money,  is  made  by  the  State  for  the  work.  Provision  for  these 
exhibits  constitutes  one  of  the  needs  of  the  institution. 

The  State  Fair.  In  1919  the  College  featured  as  its  main  exhibit  at 
the  State  Fair  the  production,  care,  and  handling  of  dean  milk  and  the 
use  of  milk  as  a  food.  The  central  part  of  the  exhibit  was  a  model  layout 
for  a  dairy  farmstead.  The  model  showed  not  only  the  arrangement  of 
the  entire  farmstead,  including  plans  for  planting  the  home  grounds,  the 
gardens,  the  orchard,  and  the  poultry  and  pig  yards,  but  also,  by  plans 
and  in  model  form,  two  houses,  one  for  the  owner  and  one  for  the  tenant, 
and  the  dairy  bam,  the  ice  house,  and  other  buildings  sufficient  for  a  dairy 
farm  of  150  acres.  These  plans  were  complete  in  detail,  showing  floor 
plans  and  specifications  for  building  and  the  approximate  cost  of  con- 
struction. By  enlarged  photographs  and  charts,  different  types  of  dairy 
bams  were  shown,  giving  the  visitors  at  the  fair  very  definite  information 
on  the  construction  of  farm  buildings.  Adjacent  to  the  farmstead  was 
an  enlarged  model  of  a  section  of  the  dairy  bam,  showing  the  method  of 
construction  and  the  lighting  and  ventilation  S3^ems. 

Other  parts  of  the  college  extension  program  which  were  illustrated  by 
exhibits  at  the  State  Fair  included  the  care  and  handling  of  milk,  with 
emphasis  on  proper  cooling;  the  value  of  milk  as  a  food,  especially  for  grow- 
ing children,  demonstrated  by  milk  drinks  sold  over  a  "  milk  bar" ;  clothing 
materials  and  the  making  over  of  garments;  the  making  of  butter,  cheese, 
and  ice  cream;  the  value  of  artificial  lighting  for  egg  production;  soils  of 
the  State  and  their  proper  treatment;  floriculture;  publications;  and  the 
jimior  project  work  with  girls  and  boys.  While  the  setting  up  of  such 
exhibits  and  their  proper  use  during  the  fair  is  difficult  and  expensive,  an 
excellent  opportunity  is  afforded  for  graphic  presentation  to  thousands  of 
persons  who  might  not  otherwise  know  of  the  work  of  the  Extension  Service 
of  the  College. 

County  fairs.  During  the  year  19 19  the  College  cooperated  with  the 
county  farm  bureaus  in  making  exhibits  at  county  fairs.  Five  departments 
of  the  College  assembled  exhibits  in  response  to  requests,  these 
exhibits  being  used  as  parts  of  the  county  farm  bureau  exhibits.  The 
subjects  covered  were  drainage,  injurious  insects  and  plant  diseases, 
legumes,  and  sheep  and  wool. 

Exhibits  were  scheduled  for  27  counties,  but  delayed  transportation 
necessitated  six  cancellations  and  exhibits  were  actually  shown  in  21 
counties.  Three  of  these  counties  had  two  exhibits,  and  one  county  had 
the  same  exhibit  twice.  Approximately  48,600  persons  saw  the  exhibits, 
and  135 1  consulted  the  specialists  in  entomology,  poultry,  and  rural  engi- 
neering, who  spent  68  days  at  the  county  fairs. 
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Other  exhibits.  Exhibits  were  made  also  by  departments  of  the  College 
at  the  Rochester  Industrial  Exposition,  at  the  annual  meeting  of  the  State 
Pniit  Growers'  Association,  at  the  Madison  Square  Garden  Poultry 
Show,  at  the  New  York  Milk  and  Child  Health  Exposition,  and  at  other 
meetings.  At  the  last-named  exposition  there  was  a  paid  attendance  of 
23,928  persons.  The  exhibit  of  the  College  at  the  annual  conference  of 
the  American  Association  of  Agricultural  College  Editors  was  the  only 
one  to  win  awards  in  all  three  classes  represented,  and  it  took  first  place 
as  best  exhibit. 

Animal  Husbandry 

!  ^ctension  work  in  animal  husbandry  is  one  of  the  largest  extension 
enterprises  of  the  College,  and,  because  of  the  importance  of  livestock, 
particularly  dairy  cattle,  in  the  State,  one  of  the  most  in  demand.  Five 
members  of  the  department  gave  their  entire  time  to  it  during  the  past 
year,  and  several  others  gave  considerable  time. 

The  lines  of  work  emphasized  dttring  the  year  included  better-stock 
and  bull  associations  in  26  counties,  dairy  and  pig-feeding  projects  in  18 
counties,  sheep  and  wool-marketing  associations  in  36  counties,  cow-testing 
assodations  in  33  counties,  30  or  more  bam  demonstrations,  30  active 
breeding  dubs,  and  fairs  and  exhibits.  The  work  was  well  distributed 
throughout  the  State. 

At  the  beginning  of  the  second  semester  Professor  M.  J.  Smith  resigned 
as  sheep  specialist  As  a  result  the  work  with  sheep  has  been  handicapped. 
Thiou^  the  copperadon  of  the  Bureau  of  Animal  Industry  of  the  United 
States  Department  of  Agriculture,  Dr.  B.  J.  Cady  gave  us  much  assistance 
during  the  remainder  of  the  year,  particularly  in  connection  with  the  health 
of  fann  animals. 

The  supervision  of  advanced  registry  records  of  dairy  cows  has  been 
continued.  This  phase  of  the  extension  work  demanded  the  time  of  from 
twenty  to  one  hundred  men  at  different  periods  during  the  season.  Assist- 
ance was  given  to  about  five  hundred  breeders  in  the  State.  This  is  a 
main  feature  of  the  extension  work.  In  addition  to  its  educational  value, 
it  promotes  the  finandal  advantage  of  the  breeder  through  stimulating 
interest  in  purebred  stodc 

Botany 

No  extension  spedalists  in  botany  are  employed,  but  considerable 
extension  work  is  done  by  the  regalax  staff.  Ten  thousand  cultures  con- 
taining organisms  for  inoculating  soil  in  preparation  for  legimie  crops  have 
been  prqnied  and  distributed  to  farmers,  chiefiy  through  county  agents, 
during  the  year,  and  assistance  has  been  given  to  several  htmdred  fanners 
m  weed  identification  and  eradication. 
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Dairy  Industty 

On  September  i,  1919,  G.  C.  Dutton,  extension  instructor  in  the  Depart- 
ment of  Dairy  Indtistry ,  resigned  to  accept  a  position  at  a  larger  salary  else- 
where, and  on  November  i  Dr.  James  D.  Brew  was  appointed  in  his  place 
as  Assistant  Extension  Professor.  Dr.  Brew  has  specialized  on  problems 
relating  to  market  milk  supply.  Mr.  Ayres  has  continued  his  field  work 
among  the  dairy  noanuf  acturing  plants  of  the  State,  giving  special  atten- 
tion to  helping  former  students  in  their  problems.  Pour-tenths  of  his  time 
goes  to  extension;  the  remainder  is  spent  in  teaching  at  Ithaca. 

Extension  in  dairy  industry  has  dealt  with  the  production  of  high-grade 
milk,  the  marketing  of  dairy  products,  the  Babcock  test  for  batterfat 
grading  of  milk,  the  value  of  wilk  of  different  compositions,  and  problems 
in  creameries. 

Entomology 

Three  main  lines  of  extension  in  the  Department  of  Entomology  are: 
first,  demonstrations  in  the  control  of  injurious  insects  affecting  fruit, 
vegetables,  and  domestic  animals,  conducted  by  Professor  C.  R.  Crosby 
and  M.  D.  Leonard;  second,  demonstrations  in  bee  keeping,  conducted 
by  George  H.  Rea;  and  third,  work  with  birds  and  mammals,  conducted 
by  Dr.  A.  A.  Allen  and  C.  R,  Leister. 

In  some  counties  the  demonstrations  on  injurious  insects  affecting  fruit 
and  vegetables  is  done  through  the  field  assistants  whose  work  is  described 
elsewhere  under  "  Plant  Pathology/*  and  is  tmder  the  immediate  super- 
vision of  Mr.  Leonard.  In  other  counties,  entomological  demonstrations 
are  confined  principally  to  showing  how  to  control  insects  when  serious 
outbreaks  occur,  as,  for  example,  of  grasshoppers,  cutworms,  or  army  worms. 
The  control  of  the  ox  warble  fly  is  being  organized  in  certain  dairy  counties. 

In  August,  fields  in  the  wheat-producing  regions  of  the  State  were  exam- 
ined to  determine  Hessian  fly  infestation.  The  facts  as  to  the  degree  of 
infestation  thus  learned  afforded  the  basis  for  definite  recommendations 
for  fall  sowing.  The  benefits  to  growers  who  followed  college  recommenda- 
tions more  than  paid  the  entire  cost  of  the  work. 

Extension  in  bee  keeping  has  acquired  much  popularity  during  the  past 
two  years.  It  has  been  aimed  chiefly  at  the  control  of  American  and 
European  foul  brood  by  educational  methods.  These  diseases,  together 
with  improper  wintering,  have  caused  the  loss  of  not  less  than  half  of  the 
bees  in  this  State.  Hence  extension  efforts  have  been  aimed  at  control 
through  better  wintering  methods,  cleaning  up  old  infections,  and  pre- 
venting new  ones.  Bee  breeding  through  purebred  stock  is  another  meUiod 
used  for  improvement.  The  organization  of  21  new  county  beekeepers' 
associations,  the  holding  of  county  meetings  and  fijeld  days  at  which  the 
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methods  mentioned  above  have  been  discussed  and  demonstrated,  and 
the  arranging  for  lectures  and  schools,  have  been  the  chief  means  used  by 
Mr.  Rea. 

In  the  work  with  birds,  the  effort  has  been  principally  in  the  direction 
of  conservation  and  encouragement,  although  some  attention  has  neces- 
sarily been  given  to  questions  of  control  of  certain  partly  injurious  kinds. 
In  the  case  of  mammals,  the  work  has  consisted  almost  entirely  in  giving 
assistance  in  the  prevention  of  injury  to  fruit,  trees,  and  crops,  by  meadow 
mice,  moles,  rabbits,  and  woodchucks.  The  correspondence  on  these 
subjects  is  particularly  heavy. 

Deserving  of  mention  as  part  of  the  extension  work  of  the  department 
are  the  following: 

The  work  of  Dr.  James  G.  Needham,  in  cooperation  with  Dr.  E.  L. 
Pahner,  in  the  preparation  of  a  Rural  School  Leaflet  in  the  interest  of 
keeping  the  waters  dean,  and  that  in  cooperation  with  the  Conservation 
Commission  in  the  direction  of  a  biological  examination  of  Lake  George; 
the  work  of  Dr.  G.  C.  Embody  in  cooperation  with  the  University  of 
Washington  in  inaugurating  in  that  institution  a  study  of  fish-breeding 
problems;  and  the  work  of  Dr.  P.  W.  Claassen  and  Hazel  Branch  in 
cooperation  with  the  Milk  Conference  Board  in  developing  biological 
methods  for  disposal  of  milk  wastes. 

Farm  Crops 

Demonstrations  of  methods  of  crop  growing  have  been  carried  on  in  all 
parts  of  the  State  by  the  Department  of  Farm  Crops  in  cooperation  with 
the  local  farm  bureaus.  The  chief  lines  of  activity  consisted  of  the  grow- 
ing of  silage  com  and  of  husking  com,  pasture  improvement,  vetch  culture, 
the  establishing  of  alfalfa,  and  potato  culture,  while  minor  attention  has 
been  given  to  sweet  clover,  wheat,  oats,  and  other  crops.  The  demonstra- 
tions were  laid  out  with  the  object  of  teaching  methods  of  crop  growing 
or  of  showing  that  certain  strains  or  types  of  seed  are  the  best. 

Great  interest  in  pasture  improvement  has  been  noanif ested.  Demon- 
strations have  shown  farmers  that  pastures  can  be  improved,  and  that  such 
improvement  is  valuable  and  economical.  Applications  of  pasture  grass 
mixtures,  acid  phosphate,  and  lime  have  been  used  with  good  results. 
Some  culture,  such  as  harrowing  or  plowing,  has  been  shown  to  be  advan- 
tageous. So  good  were  the  results  of  these  demonstrations,  and  so  keen 
was  the  interest  of  farmers,  that  pasture  improvjcment  has  been  under- 
taken by  fanners  in  New  York  on  a  greater  scale  this  season  than  ever 
before.  In  Otsego  County  more  than  one  htmdred  farmers  are  this 
year  carrying  on  pasture  improvement  under  the  direction  of  the  county 
agent. 


44  Report  op  the  Dean  and  Director 

Demonstrations  with  alfalfa  have  shovm  that  the  use  of  seed  of  the 
variegated  alfalfa  grown  in  the  Northwestern  States  promises  success. 
Not  only  does  such  alfalfa  usually  yield  more,  but  it  is  more  permanent. 
Through  the  activities  of  the  extension  specialists  in  farm  crops  and  the 
various  farm  bureaus,  more  than  100,000  pounds  of  hardy  northern- 
grown  alfalfa  seed  of  high  quality  was  brought  into  New  York  during  the 
spring  months  of  1920. 

For  several  years  the  Department  of  Farm  Crops,  in  cooperation  with 
the  State  Potato  Growers'  Association,  has  been  encouraging  the  produc- 
tion of  certified  and  inspected  seed  potatoes.  The  attention  of  farmers 
has  been  called  to  these  potatoes.  Usually,  however,  the  supply  of  such 
seed  has  been  much  larger  than  the  demand.  Comparisons  have  recently 
been  made,  through  demonstrations,  of  the  yield  from  the  best  strains  of 
such  certified  seed  and  that  from  common  seed  in  the  hands  of  farmers. 
In  Orleans  and  Seneca  Counties  in  19 19,  the  average  yield  of  the  best 
strains  of  certified  seed  exceeded  that  of  common  seed  by  about  ico  per 
cent.  The  result  was  that  in  the  spring  of  1920  the  demand  for  certified 
seed  was  much  larger  than  the  supply,  and  for  the  first  time  the  whole 
supply  of  certified  seed  was  used  for  planting.  Efl!orts  are  now  being  made 
to  increase  the  best  stocks  so  that  there  will  be  enough  to  meet  all  planting 
needs.  It  is  believed  that  by  this  work,  yields  may  be  greatly  increased 
without  added  efforts  in  cultivation. 

Similar  demonstrations  with  other  crops  give  results  equally  sticking. 
Efforts  are  being  made  to  increase  the  best  strains  and  to  have  them  adopted 
by  farmers. 

To  further  this  work  the  fields  of  farmers  growing  good  strains  of  the 
various  crops  are  inspected  by  the  extension  specialists  of  the  department. 
Crops  which  are  well  grown,  of  a  pure  variety,  and  free  from  noxious  weeds 
and  disease,  are  listed.  During  the  past  year  about  one  hundred  farmers 
had  fields  of  wheat,  rye,  oats,  com,  or  beans  which  passed  such  inspection. 
Through  printed  information  from  the  College  and  through  the  coimty 
agents,  farmers  were  informed  of  the  existence  of  these  supplies  of  good 
seed. 

Assistance  in  judging  seed  exhibits  at  county  and  community  fairs  has 
been  given  by  the  department.  This  affords  an  opportunity  to  condemn 
poor  seed  and  imsuitable  varieties,  and  to  commend  those  which  are 
desirable.  A  crop  contest  has  been  conducted  in  connection  with  the 
Ca3mga  Cotmty  Farm  Bureau. 

The  greater  part  of  the  months  of  November,  December,  January, 
February,  and  March  were  devoted  to  teaching  groups  of  farmers  at  three- 
or  five-days  extension  schools,  at  community  meetings,  and  at  farmers' 
institutes.     In  such  teaching,  especially  at  the  schools,  some  of  the  basic 
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principles  controlling  crop  production  were  given,  in  addition  to  reviews 
of  results  of  near-by  field  demonstrations. 

During  the  spring  of  1920  the  department  was  busy  in  making  arrange- 
ments for  its  demonstration  program  for  the  spring  and  siumner.  More 
than  fifteen  hundred  demonstrations  were  called  for.  Material  was 
gathered,  plans  were  formed,  and  the  following  demonstrations  were  made: 
oats  300,  potatoes  125,  pasture  improvement  175,  silage  com  90,  mis- 
cellaneous 50. 

During  the  past  year  about  fifteen  htmdred  letters  of  inquiry,  on  a  large 
list  of  topics,  have  been  answered.  Most  of  the  letters  came  from  farmers 
who  wanted  information  about  methods  of  crop  growing,  about  the  adapta- 
tion of  certain  new  crops,  about  seed  supplies  and  varieties,  and  about 
destroying  weeds.  Many  inquirers  sent  samples  of  economic  and  weed 
plants  for  identification.  Not  a  few  sent  samples  of  seed  for  examination 
as  to  variety,  purity,  and  germination. 

During  the  year  two  men  have  given  all  their  time  to  extension  activities 
in  the  department,  and  for  seven  months  of  the  year  a  third  man  devoted 
about  two-thirds  of  his  time  to  this  work. 

Farm  Management 

Although  the  services  of  the  extension  staff  of  the  Department  of  Farm 
Management  have  been  in  great  demand  and  a  large  proportion  of  its 
energy  has  necessarily  gone  into  extension  activities,  results  are  difficult 
to  measure  because  of  the  nature  of  the  work  and  because  results  in 
improved  farm  management  cannot  be  immediately  apparent.  The 
activities  have  included  keeping  cost  accoimts;  surveys  made  by  letter 
and  by  personal  farm  visits,  the  returning  of  summarized  surveys  to 
famiers,  and  publication  of  the  results  of  the  surveys;  presentation  of 
farm  management  facts  at  farm  meetings,  schools,  demonstrations, 
Famiers'  Week,  and  elsewhere;  and  many  personal  conferences  with 
groups  and  individuals.  In  all  nearly  9000  individuals  have  been  reached. 

Some  of  the  outstanding  achievements  include:  the  return  of  159 
records  for  1919,  and  the  obtaining  of  the  1920  records  on  154  farms  in 
Niagara  County, —  the  sixth  successive  year  for  these  farms;  the  tabu- 
lation of  724  Livingston  County  records;  the  opening,  supervision,  and 
dosing  of  complete  sets  of  cost  accounts  on  41  farms;  the  distribution, 
chiefly  through  county  agents,  of  3085  inventory  and  4180  cash  books 
to  fanners  at  cost;  and  the  tabulation  of  several  labor  surveys  for  dairy- 
men. A  thorough  study  of  the  costs  of  growing  canning  crops,  which 
may  serve  as  a  basis  for  the  more  intelligent  determination  of  the  value 
of  these  crops  as  between  gi'owers  and  canners,  has  been  xmdertaken; 
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more  than  six  hundred  records  of  the  cost  and  operation  of  farm  tractors 
have  been  obtained;  and  much  time  has  been  given  to  the  preparation 
and  dissemination  of  information  on  prices  of  farm  products,  especially 
dairy  products. 

A  survey  by  questionnaire,  made  in  cooperation  with  the  United  States 
Bureau  of  Crop  Estimates,  of  the  farm  population  in  New  York  State 
as  compared  with  that  of  last  year,  the  supply  of  farm  labor,  and  the 
vacant  houses  on  farms,  has  attracted  wide  attention.  It  was  shown 
that  the  number  of  persons  on  farms  in  1920  was  3  per  cent  less  than  in 
1919,  and  that  there  were  about  24,000  vacant  habitable  houses  on  New 
York  State  farms. 

Marketing  and  cooperation.  The  main  marketing  problems  in  this 
State  may  be  grouped  under  four  heads:  first,  production  of  a  better 
article,  properly  graded,  standardized,  and  packed;  second,  improved 
storage  of  every  description;  third,  improved  transportation  not  only 
by  steam  railway  but  also  by  rural  motor  express;  and  fourth,  improved 
financing  and  short-term  credit,  involving  the  use  of  warehouse  receipts 
and  of  trade  acceptances. 

Most  of  the  work  done  by  the  College  looking  toward  the  production 
of  a  standardized  and  improved  article  is  being  done  in  other  departments 
than  Farm  Management.  Much  of  the  effort  of  many  of  the  subject- 
matter  departments  looks  toward  the  improvement  of  the  quality  of 
farm  products  and  their  better  grading  and  packing.  While  this  is  prob- 
ably necessary  and  desirable,  there  is  abxmdant  opporttmity  for  better 
correlation  and  general  direction  along  the  lines  of  marketing  experience 
and  sound  business  principles.  Results  in  improvement  of  products 
from  the  marketing  standpoint  are  discussed  under  subsequent  headings. 
Especially  noteworthy  are  the  results  in  marketing  of  fruit,  vegetables, 
grain,  milk,  and  eggs.  Very  little  has  been  accomplished  by  the  College 
as  yet  in  the  improvement  of  storage  facilities. 

A  beginning  has  been  made  with  transportation  problems  by  the  gather- 
ing of  data  for  future  use.  The  extension  specialist  in  this  field  was  a 
member  of  the  State  Highway  Committee,  and  through  this  association 
he  was  able  to  assist  in  the  development  of  the  rural  motor  express. 

Work  in  promoting  improved  farm  finance  and  short-term  credits  was 
confined  to  the  preparation  and  sending  out  of  information  through  the 
press.  Assistance  was  given  to  one  or  more  cooperatives  in  the  auditing 
of  their  accounts. 

Much  time  and  effort  was  spent  in  gathering  data  and  preparing  infor- 
mation, and  by  far  the  largest  number  of  persons  reached  by  any  means 
were  reached  by  articles  sent  out  through  the  Office  of  Publication.  A 
little  more  than  eleven  hundred  persons  were  readied  through  field  noeet- 
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logs.  Marl^ting  programs  were  prepared  and  given  in  Fanners'  Week 
and  on  the  Field  Days.  The  Merchants*  Institute,  or  conference  of 
country  storekeepers,  held  on  the  latter  occasion  was  considered  the 
outstanding  piece  of  work  in  this  department  during  the  year.  Some 
assistance  was  given  to  farmers'  organizations  in  developing  their  big 
marketing  programs  —  to  the  Dairymen's  League  with  milk,  to  the 
fruit-growers'  cooperative  packing  house  with  fruit,  to  the  canning-crops 
growers'  association  with  the  crops  grown  by  its  members,  to  the  sheep 
association  with  wool  marketing,  and  to  the  Grange  League  Federation 
Exchange,  Inc.  The  marketing  of  hay  received  attention  but  led  to 
no  definite  action. 

Forestry 

Extension  work  in  forestry,  under  the  immediate  direction  of  Assistant 
Professor  Collingwood,  proceeded  during  the  year  in  accordance  with  the 
program  previously  adopted.  Special  emphasis  was  placed  on  attempts 
to  organize  the  cooperative  marketing  of  forest  products  by  commtmity 
groups;  on  the  collection  of  infonnation  about  the  maple  sugar  industry; 
on  encouraging  the  establishment  of  forest  plantations;  and  on  efforts, 
particularly  by  means  of  demonstration  areas,  to  foster  proper  methods 
of  handling  farm  woodlots  and  other  woodlands.  During  the  year  13 
lectures  were  given,  with  a  total  attendance  of  628;  five  circular  letters 
were  sent  out  to  313  persons,  and,  in  general  extension  correspondence, 
912  other  letters;  and  22  articles  of  varying  length  were  prepared  for  farm 
bureau  and  other  newspapers. 

Home  Economics 

The  extension  activities  of  the  School  of  Home  Economics  for  the  year 
1919-20,  conducted  by  ten  full-time  and  two  part-time  specialists,  has 
aimed  to  promote  three  main  projects  —  nutrition  and  foods;  clothing, 
and  hygiene  and  sanitation.  In  addition  some  incidental  work  has  be^i 
done  by  other  members  of  the  staff  on  household  management,  housing 
and  furnishing,  recreation  in  the  home,  and  community  enterprises. 
These  seven  points  really  constitute  the  extension  program  of  the  Sdiool, 
and  therefore  the  program  is  only  about  half  developed.  The  promotion 
of  the  latter  four  lines  awaits  the  appointment  of  extension  specialists  in 
those  fields. 

The  work  has  been  carried  forward  by  lectures,  demonstrations,  schools, 
demonstration  cars,  study  dubs,  bulletins,  reading  courses,  and  the  press. 
With  the  exception  of  the  publications,  the  greater  part  of  these  activities 
have  been  conducted  in  cooperation  with  the  farm  and  home  bureaus, 
especially  in  the  twenty-five  counties  and  two  cities  having  home  bureaus. 
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The  demonstrations,  the  schools,  and,  to  a  less  degree,  the  lectures,  were 
almost  all  conducted  in  cooperation  with  home  bureaus. 

In  nutrition  and  foods  124  lectures  were  given,  with  an  attendance  of 
6453  persons,  and  20  child*feeding  projects,  3  clinic  demonstrations,  and 
16  five-days  schools,  were  conducted.  This  work  was  done  in  23  counties. 
The  nutrition  schools  are  meeting  a  real  need  in  the  commimity,  and  are 
far  more  satisfactory  than  the  one-day  meetings.  One  clinic  demonstra- 
tion has  been  continued  as  a  definite  piece  of  work. 

In  the  extension  teaching  in  clothing,  21  five-days  and  3  three-days 
schools  have  been  held.  In  addition  to  this  instruction  108  demonstra- 
tions and  lectures  have  been  given,  with  1068  persons  in  attendance. 
The  clothing  work  was  done  in  33  coimties. 

In  hygiene  and  sanitation,  the  work  in  which  was  begun  after  January  i, 
lectures  have  been  given  before  a  ntmiber  of  granges,  women's  dubs,  and 
church  organizations.  As  a  result  it  has  been  recommended  that  health 
siuveys  be  made  in  cooperation  with  home  bureaus,  boards  of  health, 
and  other  bodies,  and  that  more  intensive  health  work,  based  on  the 
results  of  these  surveys,  be  undertaken.  An  eight-page  health  bulletin 
has  been  completed  and  short  articles  on  household  sanitation  have  been 
prepared  for  the  use  of  the  daily  papers  in  the  State.  Lists  of  reference 
books  and  pamphlets  have  also  been  prepared  for  the  general  use  of  county 
agents,  and  special  bibliographies  have  been  supplied  on  request.  The 
aim  of  the  work,  both  in  lectures  and  in  publications,  has  been  to  arouse 
interest  in  personal  and  community  health  and  to  create  a  desire  for 
reliable  information. 

The  "  Victory  Special,"  operated  for  63  days,  reached  12,358  persons 
in  22  coimties. 

Home  bureau  activities.  In  the  counties  and  cities  in  which  there  are 
home  bureaus,  the  communities  organized  for  home  btureau  work  deter- 
mine, in  conference  with  the  home  bureau  manager  and  representatives 
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from  the  State  College,  a  project  or  a  program  applicable  to  the  community 
conditions.  The  county-wide  program  adopted  by  the  executive  com- 
mittee is  made  up  from  these  individxial  community  programs. 

The  following  projects  have  been  adopted  and  worked  upon  in  the 
different  commimities  throughout  the  State  in  the  past  year:  clothing, 
junior  work,  labor-saving  methods  or  devices,  health,  commtmity  activi- 
ties. Commimities  have  promoted  community  kitchens,  sewing  rooms, 
cooperative  buying,  day  nurseries  and  children's  play-grounds,  home 
bureau  tours,  rest  rooms,  women's  exchanges,  recreation  and  recreational 
centers,  community  libraries,  and  community  houses.  For  the  working 
out  of  these  programs  4466  meetings  and  demonstrations  have  been  held, 
with  a  total  attendance  of  213,185. 
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The  central  office  of  home  bureaus  has  been  organized  to  cooperate  with 
the  executive  conunittees  in  the  development  of  this  work.  The  State 
leaders  have  attended  361  meetings  with  a  total  attendance  of  18,673. 

Junior  extension  clubs.  The  most  important  activity  of  junior  projects 
in  homemaking  has  been  the  training  of  local  leaders  of  dubs.  Illustrated 
talks  at  teachers'  conferences,  and  before  small  groups  of  interested  per- 
sons such  as  school  officials  and  home  bureau  members,  have  been  given, 
and  meetings  with  girls'  dubs  have  hdped  them  in  formulating  their 
year's  program. 

The  plan  of  organizing  girls  into  groups  and  of  having  each  group 
directed  by  a  local  adult  leader  has  proved  good,  as  shown  by  the  large 
number  of  projects  completed  and  the  excdlent  grade  of  products  turned 
out,  by  the  letters  and  special  reports  that  have  come  to  the  specialists, 
by  the  demonstrations  given  by  girls  at  school  and  coimty  fairs  and  at 
the  State  Fair,  and  finally  by  the  extension  of  the  work  from  a  small 
group  to  larger  and  larger  groups  by  the  local  leaders  and  by  the  workers 
who  come  under  the  instruction  of  the  spedalists.  This  jtmior  work  has 
reached  directly  3279  persons  in  148  meetings,  and,  in  addition,  has 
resulted  in  the  training  of  30  groups  of  leaders  and  the  giving  of  76  demon- 
strations in  foods,  canning,  and  dothing. 

:  ReadingCoursefor  the  Home.  During  the  year,  5554  new  names  have 
been  added  to  the  mailing  list  for  reading-course  lessons,  which  now  con- 
tains 61,646  names.  In  addition,  these  publications  are  sent  to  the  study 
dub  list  of  2926  names  and  to  a  list  of  institutions  and  professional  readers 
numbering  about  2500. 

Since  July  i,  1919,  9031  individual  requests  for  publications  have  been 
filled,  2499  of  which  came  from  outside  the  State.  These  were  in  addition 
to  bulletins  in  quantity  sent  to  home  demonstration  agents  and  others. 

Cornell  study  clubs.  There  are  now  107  Cornell  study  dubs,  located 
in  31  counties  and  having  a  membership  of  2926  women.  Of  this  number, 
25  dubs,  with  a  membership  of  808,  were  not  organized  originally  for 
the  study  of  home  economics,  but  they  have  asked  to  have  the  material 
prepared  for  the  Cornell  study  clubs  sent  to  them.  Programs  have  been 
prepared  and  distributed  on  the  following  subjects  and  in  the  following 
numbers:  thrift,  20;  health,  20;  dvics,  22;  foods  and  nutrition,  6.  The 
correspondence  includes  100 1  letters  and  11  drcular  letters  written  to 
dubs.    Thirty  dubs  have  been  visited  by  the  study  dub  leader. 

Preparation  of  news.  In  October,  191 9,  the  preparation  of  news 
matter  on  home  economics,  to  be  issued  through  the  Office  of  Publications 
of  the  College,  was  made  the  work  of  one  member  of  the  extension  staff. 
As  this  has  developed,  it  has  induded  the  contribution  of  articles  to  the 
state  press,  to  the  Extension  Service  News,  to  the  Farm  and  Home  Bureau 
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News  in  various  counties,  and  to  farm  papers.  Contributions  are  also 
made  regtilarly  to  the  National  Grange  Monthly.  Since  January,  1919, 
a  monthly  collection  of  news  material  has  been  sent  to  home  bureau 
agents  and  others,  to  keep  them  in  touch  with  current  information. 

A  quarterly  leaflet.  The  Home  Economics  Reminder,  has  been  mailed 
to  former  students  and  to  home  ecDnomics  workers  associated  with  the 
College. 

During  the  year  96  articles,  containing  a  total  of  383  pages,  have  been 
sent  out,  and  170  letters  have  been  written.  The  extension  instructor 
in  charge  of  this  work  has  spent  41  days  in  the  field,  and  has  given  11 
lectures  with  a  total  attendance  of  756.  In  addition  14  conferences  have 
been  attended,  with  a  total  attendance  of  124  persons. 

Miscellaneous  activities.  Miscellaneous  activities  of  the  School  during 
the  past  year  include  the  operation  of  a  community  canning  kitchen  in 
Ithaca;  milk  demonstrations  and  exhibits  at  the  county  fairs  and  at  the 
State  Pair,  and  participation  in  the  New  York  Milk  Show.  In  all,  44,359 
persons  were  reached  by  extension  activities  in  this  field  —  22,431  through 
lectures,  19,725  by  demonstrations,  and  the  remainder  by  conferences. 

Landscape  Art 

The  extension  activities  of  the  Department  of  Landscape  Art  are 
becoming  important  in  countryside  development  and  improvement. 
The  purpose  is  primarily  educational.  The  home,  the  school,  and  the 
community  should  be  livable  as  well  as  workable,  and  they  cannot  be 
truly  satisfying  tmless  they  are  attractive  as  well  as  efficient. 

Data  for  this  extension  work  are  gathered  by  means  of  surveys  and 
studies.  The  actual  needs  are  discovered,  and  a  sound  policy  on  which 
to  base  recommendations  is  established.  During  the  past  year  such 
surveys  have  dealt  with  farm  homes  and  rural  schools. 

Information  is  given  by  means  of  correspondence,  lectures,  demonstra- 
tions, printed  matter,  and  exhibits.  Exhibits  this  year  during  Farmers* 
Week  at  the  University,  and  at  the  State  Fair  at  Ssrracuse,  conclusively 
proved  their  worth.  The  increase  in  volume  of  correspondence  over  last 
year  was  more  than  icx>  per  cent.  Nine  articles  have  been  mimeographed 
this  year,  with  a  distribution  of  approximately  43cx>  copies.  Calls  for 
assistance  from  individuals,  communities,  and  farm  bureau  workers  have 
increased  rapidly. 

Meteorology 

In  the  past,  little  has  been  done  in  the  field  of  extension  by  the  Depart- 
ment of  Meteorology.  This  year,  in  addition  to  supplying  lecturers  for 
various  meetings  in  the  State,  the  department  is  cooperating  with  the 
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County  farm  bureau  agent  in  furnishing  local  weather  fore- 
casts to  interested  farmers  of  the  county. 

Plant  Breeding 

The  extension  work  of  the  Department  of  Plant  Breeding  has  been 
conducted  principally  by  one  member  of  the  staff,  who  at  the  same  time 
has  handled  many  of  the  experimental  tests  which  are  being  made  away 
from  the  CoU^e.  Demonstration  plantings  have  been  made,  and  com- 
munity demonstration  meetings  held  in  comiection  with  them,  as  follows: 
oats,  17  plantings  in  eight  counties;  wheat,  three  counties;  barley,  two 
counties;  rye,  three  counties;  com,  six  counties;  timothy,  one  county. 

Considerable  effort  has  been  devoted  to  other  activities,  such  as  inspec- 
tion of  seed  fields,  conferences  with  county  agents,  judging  at  fairs, 
attendance  at  commxmity  meetings,  and  participation  in  the  work  of  the 
seed  cars. 

Plant  Pathology 

The  demands  for  extension  in  plant-disease  control  have  increased 
markedly  during  the  past  year.  The  most  urgent  problems  in  the  State 
appear  to  be  in  connection  with  the  diseases  of  seed  potatoes,  seed  com, 
vegetable  crops,  and  fruit. 

Seed  treatment  for  the  control  of  certain  tuber-borne  diseases  of  potatoes 
was  conducted  on  an  extensive  scale  during  the  spring  in  most  of  the 
potato-growing  sections,  under  the  supervision  of  special  field  assistants 
and  graduate  students  in  the  Department  of  Plant  Pathology.  The 
results  of  demonstrations  on  this  project  show  that  substantial  progress 
has  been  made  in  generalizing  the  practice  among  potato  growers  in 
this  State. 

A  preliminary  survey  of  the  root  rot  of  seed  com,  both  on  Long  Island 
and  upstate,  shows  a  serious  situation.  Much  of  the  seed  used  in  the 
State  appears  to  be  badly  infected,  as  shown  by  examination  of  the  seed 
and  confirmed  by  field  conditions.  An  agreement  with  the  Suffolk  County 
cooperative  association  provides  for  a  survey,  and  a  program  of  control. 

The  demand  for  special  field  service  in  the  control  of  diseases  and  pests 
of  fruit  and  vegetable  crops  is  being  met  by  placing  special  field  assistants 
in  the  counties  which  request  such  service.  The  Departments  of  Plant 
Pathology  and  Entomology,  cooperating  in  this  project,  have  placed 
eight  such  assistants  in  as  many  counties  this  spring,  working  through 
and  with  the  farm  bureaus,  the  College  providing  $50  a  month  for  six 
months  and  the  special  supervision  of  trained  extension  specialists,  and 
each  farm  bureau  furnishing  |ioo  salary  a  month  for  six  months  —  a  total 
d  $150  salary  a  month  for  each  assistant.    The  farm  bureaus  also  provide 
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and  maintain  cars  for  the  use  of  the  field  men.  In  three  other  counties 
a  similar  arrangement,  using  the  services  of  the  farm  bureau  assistant 
for  the  growing  season,  is  in  operation,  the  farm  bureaus  providing  all 
the  salary.  Dr.  H.  E.  Thomas  has  joined  the  college  staff  as  special  field 
supervisor  of  these  men  on  fruit  diseases,  while  Dr.  Charles  Chupp  and 
Dr.  H.  W.  Dye  have  supervised  the  work  on  field  crops  and  vegetables.  A 
steady  growth  in  the  demand  for  this  type  of  extension  service  is  foreseen, 
and  adequate  provision  for  its  needs  should  be  anticipated. 

Other  extension  activities  of  the  department  may  be  briefly  summarized 
as  follows:  extension  schools  attended,  34,  with  a  total  attendance  of  944 
persons;  farm  btireau  community  meetings  attended,  33,  at  which  934 
persons  were  reached,  largely  in  connection  with  potato  diseases;  letters 
written  in  reply  to  special  inquiries  during  the  year,  2368;  special  leaflets 
giving  information  on  diseases  and  their  control,  sent  out  on  request  only, 
105,174  copies. 

Pomology 

Three  principal  lines  of  work  occupied  most  of  the  time  of  the  exten- 
sion specialists  in  the  Department  of  Pomology — central  packing  houses, 
pruning  demonstrations,  and  bridge-grafting  demonstrations.  Orchard 
renovation,  pollination,  cover  crops,  fertilizers,  and  judging  at  fairs,  also 
received  some  attention.  The  demands  for  work  in  this  field  are  growing 
rapidly. 

The  movement  to  organize  central  packing  houses  has  been  encouraged 
by  giving  information  as  to  what  has  been  done  by  other  packing  houses 
in  the  State;  and  a  general  plan  for  organization,  buildings,  equipment, 
and  operation  has  been  formulated  through  twenty  conferences  held  with 
packing-hotise  groups  and  prospective  organizations. 

Seventy-eight  pruning  demonstrations  have  been  given  during  the 
year. 

Following  a  winter  of  severe  mice  injury  to  young  trees,  there  was  an 
unusual  call  for  bridge-grafting  demonstrations,  and  twenty-two  of  these 
were  given. 

Correspondence  has  been  heavy.  In  addition,  91  lectures,  55  inspec- 
tions, 16  conferences,  and  10  day^  at  exhibits,  have  given  instruction  in 
general  fruit  cultiwe.  This  was  further  supplemented  by  the  farmers* 
institute  lectures  in  pomology. 

Poultry  Husbandry 

The  extension  program  in  poultry  husbandry  includes  culling  to  elimi- 
nate undesirable  birds;  certification  of  the  best  birds  for  breeding  pur- 
poses; improvement  of  flocks  by  the  distribution  of  Cornell  pedigree 
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cockerels  and  Cornell  pedigree  chicks;  and  the  Cornell  advanced  registry 
for  officially  recording  superior  birds. 

Practical  results  from  the  451  lectures  and  demonstrations  held  in 
1919-20,  with  16,463  persons  in  attendance,  the  96  days  spent  with 
exhibits,  and  the  683  farm  visits,  include  not  only  an  increased  and  more 
intelligent  interest  in  poultry  husbandry,  but  also,  more  specifically,  the 
pledging  of  305,975  fowls  for  selection,  and  the  certification  of  13,628 
others  on  164  farms  in  40  counties  with  an  estimated  saving  of  $138,263.30 
to  the  owners. 

Rural  Engineering 

Special  emphasis  has  been  placed  by  the  Department  of  Rural  Engi- 
neering during  the  past  year  on  its  extension  demonstration  schools,  in 
which  particular  attention  has  been  given  to  the  gasoline  engine.  Engine 
efficiency  is  proportional  to  the  skill  and  knowledge  of  the  operator,  other 
things  being  equal. 

Tractor  schools,  successfully  conducted  for  the  past  two  years  by  the 
New  York  State  Food  Commission,  were  taken  over  this  year  by  this 
department.  Four  have  been  held,  one  each  at  Rochester,  Buffalo,  Gou- 
vemeur,  and  North  Rose.    The  average  attendance  was  50. 

The  following  extension  schools  have  been  conducted:  Twelve  three- 
days  gas-engine  schools,  with  an  average  attendance  of  28.2 ;  five  three- 
days  milking-machine  schools  in  cooperation  with  the  Department  of 
Dairy  Industry,  average  attendance  23;  four  farm-mechanics  schools  in 
cooperation  with  other  departments,  average  attendance  29;  two  special 
sdiools,  one  at  Alfred  with  an  average  attendance  of  25,  and  one  at 
Columbia  University  with  an  average  attendance  of  20.  Aside  from  these 
schools,  members  of  the  department  have  conducted  23  single-session 
meetings  on  special  subjects,  such  as  the  tractor,  lighting  plants,  the 
effect  of  the  gas  engine  on  eastern  agriculture.  The  total  attendance  at 
these  sessions  was  1371. 

The  work  in  cooperation  with  the  State  Department  of  Farms  and 
Markets,  in  plaiming  drainage  systems  for  the  state-owned  ditchers,  has 
been  continued.  This  work  shows  tangible  results  from  a  practical 
standpoint,  and  has  educational  value  throughout  the  commtmity.  Mem- 
bers of  the  department  have  answered  many  calls  for  assistance  on  espe- 
cially difficult  drainage  problems.  In  all  cases  the  aim  is  to  give  this  work 
a  demonstrational  value  for  other  fanners,  in  addition  to  the  individual 
benefit  to  those  directly  interested.  The  drainage  of  large  muck  areas 
has  been  continued. 

Two  assistant  professors,  A.  M.  Goodncian  and  F.  G.  Behrends,  have 
been  added  to  the  extension  staff  in  the  past  year.    The  loss  of  Assistant 
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Extension  Professor  W.  K.  Blodgett  through  his  resignation,  which  took 
effect  on  January  i,  1920,  has  been  keenly  felt. 

Rural  Social  Oxiganization 

No  sjrstematic  extension  work  has  been  attempted  by  the  Department  of 
Rural  Social  Organization,  but  addresses  have  been  delivered  at  community 
meetings  and  some  advice  has  been  given  through  correspondence.  A 
thorough  study  has  been  made  of  the  best  methods  for  work  in  rural 
organization  and  a  project  for  extension  work  has  been  prepared. 

Soil  Technology 

Demonstration  work  with  soils  has  been  somewhat  reorganized  with  the 
idea  of  simplification.  All  demonstrations  are  now  grouped  under  five 
subprojects.  Two  of  these  deal  with  the  use  of  lime,  one  emphasizing 
its  need  on  New  York  soils  and  the  other  comparing  different  forms  and 
qtiantities  of  this  material  as  a  soil  amendment. 

Two  hundred  of  these  new  lime  demonstrations  were  planned  in  33 
coimties  of  the  State  for  the  growing  season  of  1920.  Because  of  delayed 
deliveries  of  lime,  not  more  than  one-half  of  these  projects  were  started 
with  spring  crops.  In  addition  to  these  new  lime  projects,  a  hundred  or 
more  of  those  established  in  19 18  and  19 19  have  been  continued  this  year. 

A  project  emphasizing  the  importance  of  phosphorus  in  soil  utilization, 
and  permitting  of  a  comparison  of  different  phosphatic  materials  as  well 
as  of  acid  phosphate  with  a  mixed  fertilizer,  was  outlined  for  this  season. 
Twenty-five  counties  expressed  their  desire  to  establish  this  demonstra- 
tion. A  subproject  demonstrating  the  proper  treatment  of  the  various 
soils  of  the  State  has  also  been  outlined.  This  project  has  been  established 
in  several  counties  and  will  be  taken  up  in  others  as  rapidly  as  satisfactory 
cooperators  can  be  found. 

Another  project,  planned  to  emphasize  the  need  of  lime  by  means  of  a 
lime  survey,  has  been  started  in  five  counties. 

Lectures  including  extension  schools,  community  meetings,  farmers' 
institutes,  and  a  few  special  assignments,  have  dealt  largely  with  fertilizer 
and  lime  problems.  Emphasis  has  been  placed  on  the  economic  purchase 
of  fertilizers,  the  importance  of  acid  phosphate  or  other  standard  phos- 
phatic materials  for  field  crops,  the  value  of  farm  manure  and  its  proper 
utilization,  and  the  relation  of  systematic  liming  to  the  improvement  of 
the  less  productive  soils  of  the  State.  Ten  extension  schools  have  been 
attended,  covering  a  total  of  35  days.  Seventy-one  additional  lectures 
have  been  given,  with  a  total  attendance  of  1774. 

Besides  the  regular  correspondence  with  fanners,  special  attention  has 
been  given  to  requests  for  expert  advice  from  the  various  county  managers. 
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Articles  have  been  furnished  r^ularly  to  the  press  and  to  the  Farm 
Bureau  News  of  the  State  through  the  Office  of  Publications.  An  attempt 
has  been  made  to  keep  all  farm  bureau  offices  fully  informed  as  to  current 
fertilizer  prices.  A  large  number  of  soil  samples  have  been  examined  and 
specific  recommendations  made  for  their  future  treatment. 

Vegetable  Gardening 

Commercial  vegetable  growing,  and  school  and  home  gardening,  have 
been  given  attention  by  the  Division  of  Vegetable  Gardening  during  the 
year.  One  man  devoted  all  of  his  time  to  school  and  home  gardening; 
another  devoted  about  two-thirds  of  his  time  to  extension  work  in  commer- 
cial gardening,  and  the  remainder  to  tomato  survey  work. 

In  commercial  gardening  the  main  effort  consisted  in  helping  the  county 
agents  to  arouse  interest  in  demonstration  work,  through  personal  visits, 
conferences,  and  meetings.  During  the  spring  of  1920,  demonstrations 
were  started  in  most  of  the  principal  vegetable-growing  counties.  The 
most  important  of  these  were  variety  and  strain  demonstrations  on 
tomatoes,  cabbage,  cauliflower,  celery,  and  onions;  plant-grading  demon- 
strations on  tomatoes,  cabbage,  and  cauliflower;  fertilizer  and  green- 
manure  demonstrations  on  tomatoes;  and  fertilizer  demonstrations  on 
celery,  lettuce,  and  onions  grown  on  muck  soils. 

Assistance  was  given  in  the  organization  of  county  canning-crops 
associations  and  of  a  state  canning-crops  association  with  a  membership 
of  about  4000. 

In  school  and  home  gardening  extension,  the  main  effort  for  the  first 
three  months  of  •  1920  was  the  training  of  teams  for  demonstrations 
at  fairs,  and  the  supplying  of  subject-matter  information  to  school- 
garden  and  crops-dub  leaders.  Since  January  i,  1920,  the  main  work 
has  been  furnishing  information  to  leaders  through  personal  conferences, 
meetix^,  news  articles,  circular  letters,  and  other  means. 

Recommendations 

The  past  few  years  in  extension  work  have  constituted  a  period  of 
growth.  The  work  has  not  yet  reached  its  highest  development,  but  the 
time  has  come  when  it  must  be  stabilized  and  coordinated.  The  specialists 
and  the  field  forces  need  to  be  aligned  more  dosdy;  the  work  ^ould  be 
limited  to  its  proper  sphere  of  teaching  agriculture  and  home  economics, 
and  the  organization  should  be  so  correlated  as  to  readi  a  larger  number 
of  persons  at  less  cost.  This  can  be  accomplished  in  part  by  the  giving 
of  advanced  instruction  to  local  leaders. 

The  quality  of  instruction  must  be  improved  to  make  it  of  maximum 
effectiveness.    Spedsd  need  exists  for  the  increased  use  of  illustrative 
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material,  in  the  use  of  which  nrnny  e^ctension  teachers  are  de&cieiit.  AH 
l^e  means  of  extension  teaching  —  publications,  lectures,  demonstrations, 
exhibits,  conferences,  and  the  development  of  a  real  leadership  by  special- 
ists and  by  the  local  workers  —  must  be  jointly  developed. 

The  problem  of  the  completion  of  the  extension  system  still  remains. 
Home  demonstration  agents  are  yet  to  be  established  in  more  than  thirty 
counties.  This  will  be  done  as  fast  as  each  new  county  is  ready  to  coop- 
erate in  the  maintenance  of  an  agent.  More  than  forty  counties  are  still 
without  junior  extension  leaders.  Before  the  work  in  this  field  can  be 
considered  adequate,  these  leaders  must  be  provided.  The  specialist 
service  is  not  yet  fully  rounded;  more  specialists  are  needed  in  marketing, 
distribution,  and  economic  problems,  in  dairying,  in  potdtry  husbandry, 
in  animal  husbandry,  in  rural  organization,  in  plant  diseases,  in  flori- 
culture, in  rural  art,  and  in  home  economics.  Additional  finances  must 
be  provided  dther  from  federal  or  from  state  sources.  The  State  and  the 
Nation  should  feel  and  accept  the  obligation  to  complete  the  system 
which  has  been  started  and  which  has  fully  justified  itself. 

DifSculties  are  still  found  in  obtaining  trained  and  competent  persons 
for  extension  service.  To  meet  this  need,  courses  in  the  Coll^;e  for  the 
training  of  extension  workers,  especially  cotmty  agents,  should  be  made 
more  complete.  Students  should  be  shown  the  advantages  of  work  in 
this  field. 

The  relocation  and  reorganization  of  the  extension  offices  and  office 
equipment  to  bring  about  a  closer  and  more  efficient  physical  and  admin- 
istrative relationship,  reduce  the  overhead  cost  to  a  minimum,  and  provide 
for  the  most  effective  work,  is  urgent.  Inadequate  facilities  extend 
throughout  the  Extension  Service,  and  the  best  work  will  not  be  possible 
until  adequate  quarters  and  equipment  are  provided. 

An  additional  helper  in  the  editorial  office  to  act  as  emei^ency  editor 
on  regular  publications,  and  to  prepare  special  material  for  the  agricul- 
tural press  of  the  State,  is  sorely  needed.  Publications  are  seriously 
delayed  by  the  lack  of  editors.  A  further  need  in  the  Office  of  Publica- 
tion is  for  a  definite  appropriation  for  the  advertising  of  Fanners'  Week 
in  the  winter  and  Farmers*  Field  Days  in  the  simimer.  Such  a  fund  should 
be  available,  also,  to  bring  adequately  to  the  people  of  the  State,  through 
the  press,  the  advantages  of  the  short  course  and  the  four-years  course 

in  agriculture. 

THE  RESEARCH  ACTIVITIES 

The  legislation  known  as  the  Hatch  Act,  appropriating  to  the  States 
ftmds  to  assist  in  the  maintenance  of  agricultural  experiment  stations, 
was  passed  by  Congress  in  1887.  In  1889  Cornell  University  was  desig- 
nated as  the  college  entitled  to  receive  the  benefits  of  the  act  for  New 
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York,  and  in  1894  the  law  was  amended  so  that  the  New  York  Agricultural 
Experiment  Station  at  Geneva  should  receive  one-tenth  of  the  funds. 
In  1906,  by  the  Adams  Act,  additional  federal  funds  were  made  available 
to  the  States  for  agricultural  research.  This  grant  was  accepted  by  the 
New  York  Legislature  in  the  same  year,  and  the  funds  were  applied  to 
the  maintenance  of  the  Cornell  University  Agricultural  Experiment 
Station  and  the  New  York  Agricultural  Experiment  Station  in  the  same 
proportion  as  the  funds  appropriated  by  the  Hatch  Act.  In  the  Adminis- 
tration Act  passed  by  the  New  York  Legislature  in  1906,  the  conduct  of 
research  is  prescribed  as  one  of  the  three  coordinate  lines  of  activity  to 
be  tmdertaken  by  the  College. 

The  two  institutions  at  Ithaca  and  Geneva  are  thus  made  jointly 
responsible  for  the  solution  of  difficult  agricultural  problems.  Accepting 
the  responsibility,  they  have  cooperated  to  avoid  duplication  of  effort 
and  to  insure  the  best  service.  The  State  thus  has  one  experiment  station 
separated  from  teaching  activities,  where  the  workers,  having  no  other 
responsibility  than  experimentation,  may  develop  the  best  of  experimental 
work  habits;  and  another  in  which  the  activities  of  the  workers  may  not 
be  so  concentrated,  but  in  which  the  perspective  is  modified  by  the 
repeated  organizing  of  subject  matter  for  presentation  to  advanced 
students.  It  would  seem  that  the  two  institutions  might  very  effectively 
supplement  each  other  in  working  out  intricate  and  diverse  agricultural 
problems.  The  possibilities  of  this  have  been  materially  ftuthered  by 
the  affiliation  of  the  two  stations,  referred  to  elsewhere  in  this  report. 

The  value  to  the  State  of  an  experiment  station  separated  from  all 
other  activities  cannot  be  questioned.  The  results  obtained  by  the 
New  York  Agricultural  Experiment  Station  at  Geneva  are  of  a  high  order, 
and  the  Station  stands  second  to  none  as  a  leader  in  its  field.  The  con- 
centration on  research  and  the  comparative  freedom  from  interruption 
have  been  productive  of  excellent  work.  There  are  many  reasons,  how- 
ever, why  an  experiment  station  associated  with  the  agricultural  college 
is  also  necessary.  The  great  need  for  more  nearly  complete  knowledge 
conceming  the  fundamental  nature  of  plant  and  animal  responses  and  the 
laws  of  economics  as  applied  to  agriculture,  would  seem  to  justify  the 
view  that  in  the  system  of  agricultural  education  the  interests  of  sound 
research  should  have  first  consideration. 

For  the  greatest  development  of  research  the  aid  of  the  teacher  is 
required.  In  his  dforts  to  better  organize  his  subject,  many  problems 
will  present  themselves  to  the  progressive  teacher  which  might  never 
oome  to  the  attention  of  one  who  works  in  research  alone  and  who,  by 
being  sepamted  from  teaching  activities,  is  not  called  upon  to  organize 
his  subject  critically.    Not  to  give  these  men  the  equipment  necessary 
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to  conduct  investigations  on  Sttch  problems  is  to  greatly  delay  the  devdop- 
ment  of  a  dependable  system  of  agricultural  knowledge.  Furthermore, 
it  is  not  easy  to  select  men  who  will  prove  to  be  productive  in  research. 
Generally,  among  many,  a  few  will  prove  especially  effective. 

Obviously,  then,  the  lai^ger  the  number  of  men  in  dose  touch  with 
experiment  stations,  the  greater  will  be  the  possibility  of  finding  those 
who  are  peculiarly  adapted  to  research  efforts.  If  the  large  number  of 
highly  trained  men  necessary  for  teaching  have  not  such  equipment  as 
an  agricultural  experiment  station  furnishes,  many  of  great  promise  in 
research  may  never  be  permitted  to  discover  their  powers.  If  agricul- 
tural  problems  are  to  be  solved,  a  constant  stream  of  highly  trained  young 
men  to  enter  upon  research  activities  must  be  provided.  These  men  must 
be  trained  at  the  colleges;  if  their  teachers  tmderstand  from  actual  experi- 
ence the  methods  and  difficulties  of  research  and  are  animated  by  its 
spirit,  young  men  with  great  possibilities  for  research  will  have  their 
interest  directed  to  it. 

The  experiment  station  is  of  great  value  to  the  college  for  its  influence 
on  tmdergraduate  teaching.  The  research  spirit  is  essential  to  the  best 
teaching  in  any  form  of  higher  education.  In  an  agricultural  coll^;e  it 
is  peculiarly  essential,  because  of  the  incompleteness  of  agricultural  knowl- 
edge. In  no  agricultural  subject  are  the  resources  of  fact  so  complete 
that  the  teacher  can  give  to  his  students  a  system  of  practices  and  be 
certain  that  all  of  those  practices  are,  under  all  probable  conditions,  the 
best.  The  student  in  the  classroom  is  thus  repeatedly  encotmtering 
unsolved  problems,  and  he  will  encoimter  them  after  he  leaves  college. 
He  must  therefore  be  taught  to  evaluate  the  experimental  evidence  con- 
cerning the  wisdom  of  different  practices,  not  only  in  order  that  he  may 
reach  intelligent  conclusions  from  the  standpoint  of  evidence  that  is  avail- 
able when  he  is  in  college,  but  also  that  in  his  planning  he  may  properly 
relate  his  own  experiences  after  leaving  college  and  new  experimental 
evidence  as  it  may  appear. 

It  would  seem  undeniable  that  such  a  spirit  of  research  could  not  be 
developed  in  students  by  teachers  who  do  not  have  their  own  spirit  of 
research  constantly  renewed  and  intensified  by  being  associated  with  the 
conduct  of  research.  It  may  fairly  be  maintained  that  the  experiment 
station  is  the  most  vital  feature  in  the  S3rstem  of  agricultural  education. 
It  is  not  merely  a  continuing  source  of  new  truth,  but  also  an  effective 
agency  in  keeping  alive  in  an  institution  the  spirit  of  research  —  that 
attitude  of  mind  which  patiently  examines  the  evidence  before  reaching 
a  conclusion  and  is  as  essential  to  the  honest  presentation  of  truth  as 
to  its  discovery. 
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The  following  is  a  brief  report  of  the  research  activities  of  the  different 
departments  during  the  fiscal  year  1919-^0: 

Agricultural  Chemistry 

In  the  Department  of  Agricultural  Chemistry  the  following  paper  has 
been  published: 

F.  £.  Rice  —  Milk  with  Ugh  apparent  acidity.    Science  50 :  424*    1919. 

Individual  cows  were  found  giving  milk  with  titiatable  acidities  as  high  as  0.22  per 
cent.  Formaldehyde  titration  indicated  that  where  high  casein  was  present  high 
apparent  acidity  might  be  expected,  although  casein  was  not  high  in  all  cases  of  apparent 
high  acidity.  Titration  by  the  Van  Slyke  oxalate  procedure  indicated  that  phosphates 
were  always  somewhat  higher  in  this  class  of  milk.  Observations  did  not  indicate 
that  feeds  were  a  factor  in  causing  high  apparent  acidity. 

The  following  paper  is  ready  for  publication: 

F.  E.  Rice  —  A  new  conductivity  cell. 

The  following  work  is  under  way: 

G.  W.  Cavanaugh  —  Chemical  studies  of  dairy  wastes. 

Mineral  constituents  of  cattle  feed. 

F.  E.  Rice  —  Use  of  the  apparatus  for  electrometric  hydrogen  ion  determination  as 
applied  to  milk  and  milk  products. 

The  preservation  of  apple  cider  and  other  fruit  juices. 
A  study  of  the  organisms  of  sweetened  condensed  milk. 

Agricultural  Economics  and  Farm  Management 

In  the  Department  of  Agricultural  Economics  and  Farm  Management 
the  following  papers  have  been  published: 

J.  E.  Boyle  —  Collective  bargaining  in  agriculture.    Amer.  Assoc.  Agr.  Legislation. 
BuL  6:35-47.    1920. 

This  paper  gives  attention  to  the  theory  of  collective  bai'gaining  and  to  its 
limitations  and  dangers.  The  experience  in  collective  bargaining  of  a  considerable 
number  of  groups  of  farmers  is  given. 

Sdving  the  problems  in  the  new  fidd.     Univ.  North  Dakota.    Quart, 
joum.    1920:329-335.     1920. 

H.  D.   PhilHps  —  Cooperative  marketing  in  the  Chautauqua-Erie  grape  industry. 
Cornell  Univ.  Agr.  Exp.  Sta.    Mem.  28.     1919. 

This  memoir  gives  a  rather  minute  history  of  the  grape  industry  in  the  section 
considered,  with  particular  reference  to  experiences  in  cooperative  marketing. 
The  difficulties  encountered  are  reported  from  careful  studies  in  the  locality. 
Two  general  kinds  of  marketing  organizations  have  been  tried  in  the  region: 
one,  the  small  local  type,  and  the  other,  the  large  central,  or  belt- wide,  organiza- 
tion.   The  advantages  and  difficulties  of  both  types  are  discussed. 

G.  P.  Warren  —  Prices  of  farm  products.    Joum.  farm  economics  2:61-69.    1920. 

This  paper  discusses  the  reasons  for  general  high  prices,  and  for  the  especially 
high  prices  of  particular  commodities.  The  question  as  to  how  long  prices  may 
remain  high  is  considered. 

W.  L  Myers  —  An  economic  study  of  farm  layout.    Cornell  Univ.  Agr.  Exp.  Sta. 
Mem.  34.     1920. 

This  paper  reports  the  results  of  a  study  of  the  layouts  of  fifty-three  New 
York  farms,  the  object  being  to  trace  the  development  of  farm  layouts,  to  study 
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the  principles  of  efficient  farm  field  arrangements,  and  to  study  the  utilization 
of  land  on  these  typical  farms  with  particular  reference  to  the  possibilities  of 
increasing  the  area  of  crop  land  to  meet  the  needs  of  an  increasing  population. 

Plans  are  included  illustrating  different  stages  in  the  actual  rearrangements 
of  some  New  York  farms  as  made  by  owners,  and  possilde  rearrangements  of 
other  farms  which  have  been  started  but  are  not  yet  completed.  These  plans 
are  accompanied  by  descriptions  of  the  farms,  of  local  conditions,  and  o€  the 
procedure  followed  m  carrvmg  out  the  plans  for  rearrangement. 

A  complete  inventory  of  the  land  on  these  farms  is  given,  showing  the  present 
use  of  all  land.  Data  are  presented  comparing  the  use  of  land  on  these  farms 
with  that  on  the  average  New  York  farm,  and  also  showing  possible  increases 
in  the  crop  area  of  the  farms  studied  by  reclaiming  land  now  unproductive 
and  by  utilizing  for  crops  land  which  is  now  occupied  by  pasture  or  woods  but 
which  would  be  suitable  for  crop  production.  If  the  farms  studied  may  be  con- 
sidered as  t3rpical,  substantial  mcreases  can  be  made  in  the  crop  area  of  New 
York  farms  to  meet  the  prospective  needs  of  an  increasing  population. 

The  following  papers  have  been  mimeographed  as  a  temporary  report 
of  studies  being  carried  further: 

G.  P.  Scoville  —  Results  of  farm  management  demonstrations  in  Dryden  Township, 
1909,  1919,  comparisons. 

Results  of  Niagara  Cotmty  farm  management  demonstration  for  the 
year  1919,  comparisons  made  for  the  years  1913-1919. 

The  following  papers  are  ready  for  publication: 

J.  E.  Boyle  —  Speculation  and  the  Chicago  Board  of  Trade.     (Book.) 

Agricultural  economics.     (Book.) 

Rural  problems  in  the  United  States.     (Book.) 
£.  G.  Misner  —  An  economic  study  of  dairying  on  149  farms  in  Broome  County,  New 

York. 
C.  V.  Noble  —  The  cost  of  living  in  a  small  factory  town. 
H.  D.  Phillips  —  Horse  raising  in  colonial  New  England. 

The  following  work  is  tmder  way: 

J.  E.  Boyle  —  Hay  prices  -  coordination  of  factors  of  price,  market  arrivals,  yields, 

acreage. 
R.  L.  Gillett  —  A  study  of  labor  on  farms. 

E.  G.  Misner  —  A  study  of  dairying  on  166  farms  in  Herkimer  Cotmty,  New  York. 
W.  I.  Myers  —  An  economic  study  of  farm  tractors  in  New  York. 
L.  T.  Norton  —  Cost  of  growing  crops  for  canning  factories. 
G.  F.  Scoville  —  Potato  production  and  prices. 
G.  P.  Warren  —  Cost  of  producing  farm  products. 

Prices  of  farm  products. 

Economics  and  the  milk  situation. 

Agricultural  surveys  of  Tompkins,  Livingston,  and  Jefferson  Counties. 
E.  C.  Young  —  The  movement  of  farm  population. 

Animal  Husbandry 

In  the  Department  of  Animal  Husbandry  the  following  paper  is  ready 
for  publication: 
M.  W.  Harper  —  Raising  colts. 

The  following  work  is  tmder  way: 

P.  M.  Pronda  —  Protein  supplements  for  coconut  oilmeal. 

M.  W.  Harper    (in  cooperation  with  the  United  States  Department  of  Agriculture) 
— •  The  value  of  fish  scrap  as  swine  food. 
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E.  S.  Savage  and  L.  A.  Maynard  —  The  rearing  of  calves  on  substitutes  for  skimmilk. 
G.  Toupin  —  The  relation  of  amounts  of  vitamines  in  animal  food  to  milk  production 

and  to  the  amount  of  vitamines  in  the  milk. 
H.  H.  Wing  —  Breeding  work  with  dairy  cows. 

Botany 

In  the  Department  of  Botany  the  following  papers  have  been  published: 

0.  F.  Curtis  —  The  upward  translocation  of  foods  in  woody  plants.    I.    Tissues  con- 
cerned in  translocation.    Amer.  joum.  bot.  7:101-124.     1920. 

The  view  has  been  held  that  carbohydrates  move  upward  in  the  tree  through 
the  xylem.  The  author  of  this  paper  removed  rings  of  bark  from  branches  and 
removed  the  leaves  above  the  nngs.  Analyses  of  the  tissues  above  and  below 
the  rings  were  made,  and  both  starch  and  sugar  were  present  above  the  rings 
in  greatly  reduced  quantities,  if  at  all,  tmtil  a  new  leaf  surface  had  been  formed. 
Even  at  the  top  of  a  ringed  space  a  centimeter  wide  there  was  little  or  no  starch 
in  the  sapwood  tissues,  thougn  in  the  lower  part  of  the  ringed  space  starch  might 
be  present.  When  two  rings  were  made  on  the  same  stem,  one  some  distance 
above  the  other,  the  concentration  of  sugar  in  the  xylem  was  much  greater  be- 
tween the  rings  than  above  the  upper  one  or  below  the  lower  one.  It  seems, 
then,  that  the  sugar  must  be  removal  from  the  xylem  in  passing  a  strip  a  centi- 
meter wide  where  the  bark  has  been  removed.  This  seems  to  show  that  upward 
translocation  of  carbohydrates  is  through  the  phloem. 

M.  R.  Ensign  —  Venation  and  senescence  of  polyembryonic  citrus  plants.    Amer. 
joum.  bot.  6:311-329.     1919. 

Since  it  is  apparently  established  that  with  some  citrus  species  in  which  there 
are  more  embryos  than  one  in  a  seed,  one  embryo  is  from  the  fertilized  egg  while 
the  others  arise  from  other  tissue,  the  author  of  this  paper  thought  that  the  seed- 
ling arising  from  the  fertilized  egg  might  show  a  greater  rejuvenescence  than  the 
others,  which  in  origin  are  more  like  plants  from  vegetative  propagation.  He 
used  as  a  measure  the  size  of  vein  islets  as  used  by  Benedict  and  the  nudeo- 
cytoplasmic  ratio  in  the  root-cap  cells.  No  differences  were  found  among  the 
seedUngs,  though  some  must  have  arisen  from  the  fertilized  egg  and  others  from 
other  tissue.  The  author  holds  that  rejuvenescence  is  not  more  effectively 
brought  about  by  sexual  than  by  apogamous  reproduction. 

L.  Knudson  —  Viability  of  detached  root-cap  cells.    Amer.  joum.  bot.  6 :  309-3 10.    1 9 1 9. 

Root-cap  cells  of  com  were  alive  at  least  forty-five  days,  and  those  of  Canada 
peas  at  least  seventy-one  days,  after  they  had  been  sloughed  off  into  a  sterile 
culture  medivim. 

L  Enudson  and  E.  W.  Lindstrom  —  Influence  of  sugars  on  the  growth  of  albino  plants. 
Amer.  joum.  bot.  6: 401-405.     1919. 

Albino  plants  grown  in  Pfeffer's  solution  to  which  was  added  glucose  or  sucrose 
enough  to  make  the  solution  o.i  mol.  or  0.2  mol.  for  sugar  alone,  while  making 
slightly  more  growth  than  plants  not  receiving  the  sugar,  yet  made  only  slight 
growth  before  dying  —  seldom  enough  to  equal  the  original  seed  weight.  Chloro- 
phyU-containing  plants  under  the  same  conditions  made  considerably  increased 
growth  when  sugar  was  supplied  in  the  culture  solutions. 

L.  Knudson  and  R.  S.  Smith  —  Secretion  of  amylase  by  plant  roots.  Bot.  gaz.  68  :  460- 
466.     1919. 

From  work  with  plants  in  pure  culture  the  conclusion  is  suggested  that  neither 
Zea  mays  L.  nor  Ptsum  arvense  L.  is  capable  of  utilizing  soluble  starch,  and  that 
with  neither  is  there  an  appreciable  secretion  of  amylase  by  the  roots. 

D.  Reddick  and  V.  B.  Stewart  —  Transmission  of  the  virus  of  bean  mosaic  in  seed,  and 
observations  on  the  thermal  death  point  of  seed  and  virus.  Phytopathology 
9:445-450.     1919. 

Evidence  is  presented  to  show  that  the  virus  of  bean  mosaic  is  transmitted 
in  the  seed.    Thus,  seeds  with  the  surfaces  sterilized,  either  by  washing  in  bleach- 
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ing  powder,  by  washing  in  other  sterilizing  agents,  or  by  heating  to  70^  C,  in 
so  far  as  they  germinated  produced  plants  a  high  percentage  of  which  were 
infected.  Experience  indicated  that  the  disease  is  not  readily  communicated 
from  one  plant  to  another. 

L.  W.  Sharp  —  Spermatogenesis  in  Blasia.    Bot.  gaz.  69:258-268.    1920. 

Some  detailed  observations  on  the  origin  of  the  male  cell  (spermatozoid)  in 
Blasia,  a  liverwort,  are  given  in  this  paper.  Centrosomes  were  found  present  in 
Blasia  at  ail  stages  of  the  mitosis  which  differentiates  the  androcytes.  In  the 
androcytes  they  were  found  to  persist  and  function  as  the  blephauroplasts.  In 
the  tr^[isformation  of  the  androcyte  into  the  spermatozoid,  the  blepharoplast 
fragments  repeatedly  by  simple  fission,  forming  a  number  of  distinct  granules 
which  coalesce  to  form  a  short,  lumpy  rod.  This  rod  elongates  and  becomes  a 
more  uniform  thread  bearing  two  cilia,  while  the  nucleus  also  dongates  in  inti- 
mate union  with  it  to  form  the  body  of  the  spermatozoid.  The  present  instance 
is  the  first  in  which  blepharoplast  fragmentation  has  been  reported  in  a  bryophy te. 

F.  B.  Wann  —  Fixation  of  free  nitrogen  by  green  plants.    Science  51:247-248.     1920. 

Seven  species  of  grass-green  algae  were  tested  as  to  their  ability  to  fix  free 
nitrogen.  All  seven  species  seemed  to  show  considerable  ability  to  fix  nitrogen 
when  a  small  amount  of  glucose  was  present  in  the  medium  and  when  a  definite 
amount  of  combined  nitrogen  was  furnished  in  the  form  of  ammonium  nitrate 
or  calcium  nitrate.  _ 

K.  M.  Wiegand  —  Variations  in  Lactuca  canadensis.    Rhodora  aa:o-ii.     1920. 

This  is  a  study  showing  that  forms  of  the  wild  lettuce  usually  ascribed  to  three 
species  are  simply  leaf-variations  of  the  same  species  due  to  environmental  or 
inherent  causes. 

A  new  species  of  Spergularia.    Rhodora  aa:  15-16.     1920. 

The  sand  spurreys  are  salt-marsh  plants  but  they  occur  also  around  salt  springs 
in  central  New  York.  Those  from  near  Montezuma  and  Savannah  are  uidike 
anything  ever  discovered  elsewhere,  and  constitute  a  new  species. 

Eupatorium  purpureum  dax6,  it&  92i\ies,    Rhodora  22:57-70.     1920.    ' 

This  is  a  study  of  the  joe-pye  weeds  of  eastern  North  America,  showing:  that 
instead  of  these  belonging  to  a  single  species  there  are  actually  four,  and  giving 
new  means  of  recognizing  them.  Characters  derived  from  the  small  florets  were 
found  especially  useful. 

The. following  papers  have  been  prepared  for  publication: 

E.  Artschwager  —  On  the  anatomy  of  Chenopadium  album  L. 

Studies  on  the  pathological  anatomy  of  potato  blackleg. 
O.  F.  Curtis  —  The  upward  translocation  of  foods  in  woody  plants.    II.    Is  there 
nonnally  an  upward  transfer  of  storage  foods  from  the  roots  or  trunk  to  the 
growing  shootsr 
L.  Knudson  —  Invertase  secretion  by  roots  of  plants. 
L.  W.  Sharp  —  Somatic  chromosomes  in  Tradescantia. 
K.  M.  Wi^and  —  Echinochloa  in  North  America. 

Additional  notes  on  Amelanchier. 


The  following  investigations  are  under  way: 

E.  Artschwager  —  Studies  on  leaf  roll  diseases. 
A.  R.  Becht3  —  Anatomy  of  the  flowers  of  the  Urticaceae. 
T.  M.  Brannon  —  Function  of  fructose  and  glucose  in  plants. 
O.  F.  Curtis  —  Researches  on  conduction  in  plants. 

Growth  correlation  in  plants  and  inhibition  of  growth. 
A.  J.  Eames  — ^Anatomy  of  the  Ranalian  flower. 

A.  J.  Eames  and  M.  J.  Fisher  — Anatomy  of  the  flowers  of  the  Salicaceae. 
H.  E.  Knowlton  —  Pollen  viability. 
L.  ICnudson  —  Organic  nutrition  of  plants. 

Orchid  seed  germination. 

Enzyme  production  and  fixation. 
R.  S.  Nanz  —  Nitrogen  fixation  by  legumes. 
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L.  P.  Randolph  —  Devdopment  of  chondriosomes  m  relation  to  plastid  inheritance 
in  com. 

D.  Reddick  —  Various  phases  of  the  bean  mosaic  problem. 

Conditions  of  parasitism  in  maize. 

A  fourth  Phytophthora  disease  of  tomato. 
L.  W.  Sharp  —  Studies  on  chromosome  reduction. 
F.  B.  Wann  —  Studies  on  the  fixation  of  nitrogen  by  green  plants. 

Chromosome  numbers  in  com  and  development  of  embryosac. 

E.  M.  Wiegaiid  —  North  American  species  of  oxalis. 

Bromus  ciliatus,  B,  secalinus,  and  their  allies  in  North  America. 
Rudbeckia  ladniata  in  North  America. 
Aster  paniadalus  and  its  allies  in  North  America. 
K.  M.  Wiegand  and  A.  J.  Eames  —  A  catalogue  and  manual  of  the  flora  of  the  Cayuga 
Lake  Basin. 

Dairy  Industiy 

In  the  Department  of  Dairy  Industry  the  following  papers  have  been 
published:  _ 

R.  S.  Breed  and  W.  A.  Stocking  —  The  accuracy  of  bacterial  counts  from  milk  samples. 
New  York  (Geneva)  Agr.  Exp.  Sta.    Tech.  bid.  75.     1920. 

This  publication  gives  the  results  of  work  conducted  by  the  Department 
of  Dairy  Industry  at  Cornell  and  the  Division  of  Bacteriology  of  the  New  York 
Agricultural  Experiment  Station  at  Geneva,  pruiuuily  for  the  purpose  of  learning 
the  best  methods  for  determining  the  germ  content  of  milk.  This  subject  is 
of  special  importance  at  the  present  time  because  of  the  growing  practice  of 
using  ^e  germ  content  as  a  factor  in  determining  the  sale  ^^ue  of  milk. 

J.  T.  Cusick  —  Phosphorus  in  butter.    Comell  Univ.  Agr.  Exp.  Sta.    Mem.  30.    1920. 

This  paper  gives  the  results  of  a  technical  study  of  the  amount  of  phosphorus 
in  butter,  especially  in  its  relation  to  the  development  of  fishy  flavor.  The  author 
found  that,  in  churning,  about  one-fourth  of  the  phosphorus  of  the  cream  is 
retained  in  the  butter.  In  storage  the  soluble  organic  phosphorus  breaks  down, 
giving  inorganic  phosphorus.  The  rate  of  this  chimge  is  influenced  by  the  treat- 
ment of  the  milk  and  cream  before  churning.  The  breaking  down  of  one  of 
these  compoimds,  lecithin,  to  trimethylamine  is  the  cause  of  fishy  flavor  in 
butter. 

N.  W.  Hepburn  — A  modified  Babcock  method  for  determining  fat  in  butter.  Cornell 
Umv.  Agr.  Exp.  Sta.    Mem.  37.    1920. 

This  memoir  reports  an  effort  to  find  a  simple  but  accurate  method  of  deter- 
mining fat  in  butter.  The  9-inch,  9-gram,  90-per-cent  bottles  and  the  6-inch, 
6-gram,  90-per-cent  bottles  were  found  to  be  the  most  satisfactory  types.  Prom 
the  standpoint  of  manipulation,  the  9-inch,  9-gram  bottle,  permitting  of  a  larger 
sample  and  better-spac^  graduation,  is  the  more  desirable  type.  Such  bottles, 
of  course,  can  be  used  with  the  ordinary  Babcock  machines.  A  method  is  out- 
lined for  taking  samples  and  preparing  them  for  use  in  these  bottles  in  the  Bab- 
cock apparatus,  by  which,  with  I2d  samples,  results  were  obtained  corresponding 
very  dosely  to  the  restdts  obtained  by  diemical  analysis. 

T.  J.  Mclnemcy  and  H.  C.  Troy  — ^A  comparative  study  of  some  methods  for  deter- 
mining the  fat  content  of  skimmilk.  Comell  Umv.  Agr.  Exp.  Sta.  Btd.  401. 
1920. 

This  bulletin  reports  modifications  of  the  Babcock  method,  which  make 
po6sU>le  more  accttrate  results  in  detemuning  the  percentage  of  fat  in  giHmmilif, 

G.  C.  Supplee  —  The  lecithin  content  of  butter  and  its  possible  relationship  to  the  fishy 
flavor.    Comell  Univ.  Agr.  Exp.  Sta.    Mem.  29.     1919. 

The  data  given  in  this  memoir  indicate  that  there  is  in  normal  butter  a  suffi- 
cient amount  of  lecithin  to  yield  on  decomposition  small  quantities  of  trimethyl- 
amine, which  substance  is  essential  for  the  manifestation  of  the  fishy  odor. 
It  is  not  considered,  however,  that  the  cause  of  the  fishy  flavor  is  satisfactorily 
established.  A  certain  add  condition  in  the  butter  is  essential*  and  also  the 
presence  of  certain  organisms. 
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H.  C.  Troy  — ^A  comparison  of  fat  tests  in  milk  as  determined  by  a  cow-testing 

tion  and  by  a  creamery.    Cornell  Univ.  Agr.  Exp.  Sta.    BuL  400.     1^20. 

This  bulletin  reports  a  study  of  the  records  of  a  cow-testing  association 
the  tests  of  the  milk  from  the  same  farms  as  it  was  delivered  to  the  local  recei'vui4| 
station.  For  some  time  the  lack  of  agreement  between  such  records  has  c&ixsecl 
difficulty  in  some  parts  of  the  State.  The  results  given  in  this  study  in&icsLt^i 
that  an  exact  comparison  of  the  tests  made  by  a  cow  tester  and  those  made  stt 
the  receiving  station  should  not  be  expected,  as  there  are  so  many  factors  vrhiLcli 
may  very  materially  influence  the  relation  between  the  two  series  of  tests. 

The  following  papers  are  ready  for  publication: 

P.  A.  Downs  —  Bacterial  flora  of  powdered  milk. 

G.  C.  Supplee,  W.  A.  Whiting,  and  P.  A.  IDowns  ^  The  itifliifincft  of  media  and  tempex-a.- 
ture  on  the  plate  count. 

The  following  work  is  tinder  way: 

W.  W.  Fisk  —  The  effect  of  washing  curd  on  the  3Hdd  and  quality  of  cheddar  cheese. 

Relation  of  moisture  and  acidity  to  keeping  quality  of   neufcba^tel 
and  cream  cheeses. 

Factors  affecting  the  formation  of  ice  crystals  in  ice  cream. 

The  effect  of  clarifying  milk  for  making  cheddar  cheese. 

Pasteurization  of  milk  for  cheese  making. 

The  manufact\u:e  of  Camembert,  Swiss,  and  albumen  cheeses. 
E.  S.  Guthrie  —  Study  of  dairy  plant  records. 

H.  C.  Jackson  —  The  effect  of  neutralization  on  the  quality  of  butter. 
T.  J.  Mclnemey  —  Study  of  city  milk  supply. 

Acidity  of  fresh  milk. 
H.  E.  Ross  —  Shipments  of  dairy  products  in  New  York  State. 
W.  A.  Whiting  —  Species  of  bacteria  found  in  dairy  utensils. 

Entomology 

In  the  Department  of  Entomology  the  following  papers  have  been 
published: 

C.  P.  Alexander  —  The  crane-flies  of  New  York.    Part  II.    Biology  and  phytogeny. 
Cornell  Univ.  Agr.  Exp.  Sta.    Mem.  38.     1920. 

L.  A.  Hausman  —  The  manipulation  and  identification  of  the  free-swimming  Masti- 
gophora  of  fresh  waters.    Amer.  nat.  54:333-348.     1920. 

G.  W.  Herrick  —  The  apple  maggot  in  New  York.    Cornell  Univ.  Agr.  Exp.  Sta.     Bui. 
402.     1920. 

This  bulletin  reports  the  results  of  experiments  which  clearly  demonstrated 
that  the  apple  maggot  can  be  controlled  by  timely  spraying  with  arsenate  of 
lead,  sweetened  or  unsweetened. 

The  winter  of  1918-10  and  the  activities  of  insects  with  special 
reference  to  the  clover  leaf-weeviL    Ent.  Soc.  Amer.    Ann.  13:101-107.     1920. 

The  author's  studies  indicate  that  in  the  climate  of  central  New  York  the 
clover  leaf-weevil  may  survive  during  very  mild  winters  and  deposit  eggs  in 
the  spring,  thus  producing  a  second  generation. 

W.  N.  Hess  —  The  ribbed  pine-borer.    Cornell  Univ.  Agr.  Exp.  Sta.    Mem.  33.     1920. 

This  memoir  reports  a  study  of  the  life  history,  economic  importance,  and  means 
of  control  of  the  ribbed  pine-borer. 

Robert  Matheson  — A  study  of  the  plant  lice  injuring  the  foliage  and  fruit  of  the  apple. 
Cornell  Univ.  Agr.  Exp.  Sta.    Mem.  24.     1919. 

This  paper  gives  an  exhaustive  survey  of  the  literature,  together  with  the  results 
of  an  extensive  study  of  the  life  history  and  behavior,  of  the  insects  considered. 
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J.    G.  Needham  —  Bunowin^    mayflies   of    our   laxger   lakes   and   streams.    Bur. 
Fisheries.    BvL  36:269-290;    193a 

This  is  a  disctission  of  the  eoonomic  importaaoe  and  the  habits  and  dasafica- 
tion  of  the  insects  treated. 


Tbe  following  papers  are  ready  for  publication: 

Hasd  B.  Branch  —  Internal  anatomy  of  Trichoptera. 

P.  W.  flnftflffrn  —  Typha  insects:  their  ecological  rdationships. 

£•  H.  Dtu^ham  —  The  painted  hickory  borer. 

Laura  Florence  —  The  hog Jouse. 

W.  T.  N.  Forbes  —  The  Lepidoptera  of  New  York  and  the  neighboring  States. 

H.  H.  Knight  —  Studies  of  the  scarring  of  apples  by  insects. 

J.  T.  Lloyd  —  Life  histories  of  North  American  caddis  flies. 

C  P.  W.  Muesebeck  —  A  revision  of  the  North  American  species  of  ichneumon  flies 

belonging  to  the  genus  Apanteles. 
Helen  £.  Mur^y  —  Metamorphosis  of  mayfly  mouth  parts. 
Chih  Ping  —  The  biology  of  Ephydra  subopaca  Loew. 
R.  C.  Smith  —  The  biology  of  the  Chrysopidae. 
W.  H.  Wdlhouse  —  The  insect  .fauna  of  the  hawthorns  (Crataegus)  and  its  relation  to 

the  apple  orchard. 
B.  P.  Young  —  The  attachment  of  the  abdomen  to  the  thorax  among  Diptera. 

The  following  work  is  Tinder  way  in  the  department : 

P.  W.  daassen  and  Hazel  Branch  —  A  biological  study  of  Chironomus  cristatus  and  its 

relation  to  the  disposal  of  milk  waste. 
J.  D.  Detwiler  —  Three  uttle-known  pests  of  clover. 

Repugnatorial  organs  in  notodontid  caterpillars. 
1.  M.  Hawley  ^  Insect  and  other  pests  of  beans. 
G.  W.  Herrick  —  Some  late  summer  caterpillars  of  the  apple. 
G.  W.  Herrick  (in  cooperation  with  the  New  York  Agricultural*  Experiment  Station 

at  Greneva)  —  Experiments  in  the  control  of  the  apple  and  cherry  maggots  by 

dusting. 
H.  C  Huckett  —  Morphology  of  the  ovipositor  in  the  Anthomyiidae. 
'  O.  A.  Johannsen  —  Parthenogenesis  in  certain  dipterous  insects. 
Hden  G.  Mank  — ^A  contribution  to  the  knowledge  of  Staphylinidae. 
R.  Matheson  — A  study  of  TetrasUchus  asparagi,  an  important  parasite  of  the  asparagus 

beetle  (Crioceris  asparagi). 

Insect  vectors  of  plant  diseases. 
C  P.  W.  Muesd^eck  —  Preparation  of  a  host  list  of  parasitic  Hymenoptera. 

Artificial  biological  control  of  certain  injtmous  insects. 
C.  F.  W.  Muesebeck  and  R.  Matheson  —  Rearing  of  lo<^  injurious  insects  to  determine 

the  parasitic  forms  that  are  factors  in  their  natural  control. 
J.  G.  Needham  and  P.  W.  Claassen  —  Studies  upon  neuropteroid  insects. 
J.  R.  Traver  —  The  life  history  of  the  bkck-nose  dace  (Rhinichtkys  atranasus). 
R.  L.  Webster  (in  cooperation  with  the  New  York  Agricultural  Experiment  Station 

at  Geneva)  — A  study  of  the  fumigation  with  hydrocyanic  add  gas  of  deciduous 

fruit  trees  to  control  certain  insect  pests. 
L  P.  Wehrle  —  Insects  affecting  the  seed  of  the  clover  plant. 

Fann  Crops 

In  the  Department  of  Farm  Crops  the  following  papers  are  ready  for 
publication: 

£.  V.  Hardenbuig  — A  study  by  the  crop  survey  method  of  factors  influencing  the  yield 

of  potatoes. 
R.  G.  Wiggans  — A  classification  of  the  cultivated  varieties  of  barley. 
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The  following  work  is  Tinder  way: 

B.  V.  Hardenburg  —  Variety  tests  of  beans  and  potatoes. 

Strain  tests  of  standard  varieties  of  potatoes  for  different  sections  of 
New  Yoric  State. 
H.  S.  Mills  (in  coop^tion  with  the  Department  of  Farm  Management)  — A  rsinni-n^ 

crops  survey  with  reference  to  production  cost  and  culttoal  methods. 
E.  G.  Montgomery  —  Studies  as  to  the  best  treatment  and  the  value  of  pastures. 
H.  W.  Schneck  —  Variety  tests  of  forcing  tomatoes. 

Strain  tests  of  Grand  Rapids  lettuce. 
Training  eicperiments  witn  forcing  cucumbers. 
H.  W.  Schneck  and  A.  C.  Thompson  —  Pollination  of  forcing  tomatoes. 
H.  C.  Thompson  —  Strain  tests  of  Danish  Ball  Head  cabbage. 

Strain  tests  of  Bonny  Best  tomato. 

A  study  of  the  effects  of  cultivation  as  compared  with  merely 
scraping  the  soil  to  keep  down  weeds,  on  the  soil  moisture  supply  and  on  the 
yield  of  several  vegetable  crops. 

An  experiment  to  determine  the  effects  of  pruning  and  staking 
tomatoes  on  yield,  eaiiiness,  size  of  fruit,  etc. 

An  experiment  to  determine  the  effects  of  removing  suckers  ftoin 
sweet  com. 
H.  C.  Thompson  and  R.  W.  Axt  —  Fertilizer  experiments  and  plant-growing  experi- 
ments with  tomatoes. 
H.  C.  Thompson  and  F.  O.  Underwood  —  Fertilizer  experiments  and  variety  and  strain 

tests  with  muck  crops. 
R.  G.  Wiggans — A  study  of  various  rotations  on  continued  production  by  soils  of 
different  types. 

A  studv  of  silage  com  and  supplementary  silage  crops,  especially 
sunflowers  and  soybeans. 

Yield  tests  of  various  grass  and  clover  mixtures. 
Variety  tests  of  com,  oats,  wheat,  dover,  and  alfalfa. 

Floriculture 

In  the  Department  of  Floriculture  the  following  work  is  under  way: 

A.  C.  Beal  —  Variety  studies  with  peonies. 

Variety  studies  with  garden  roses. 

Variety  tests  of  winter-flowering  sweet  peas. 

Variety  tests  of  gladioli. 
A.  C.  Beal  and  S.  C.  Hubbard  —  Crossing  studies  with  garden  roses. 

A  test  of  stocks  for  garden  roses. 
D.  Lumsden-Orchid  breeding. 

Lua  A.  Minns  —  Species,  types,  and  varieties  of  hardy  primulas. 
A.  W.  W.  Sand  —  Variety  tests  of  pogon  irises. 

C.  L.  Thayer  —  Variety  tests  of  perennial  phlox. 

Forestry 

In  the  Department  of  Forestry  the  following  paper  is  ready  for 
publication: 
J.  S.  Everitt  —  Working  plans  for  a  communal  forest  for  the  city  of  Ithaca,  New  York. 

The  following  work  is  being  carried  forward : 
John  Bentley  —  The  factors  influencing  the  growth  and  yield  of  forest  trees. 

Advanced  students  are  making  a  study  of  sawmill  costs. 

Landscape  Art 

In  the  Department  of  Landscape  Art  the  following  work  is  being  done: 

R.  W.  Curtis  —A  study  for  the  purpose  of  establishing  a  foliage  key  to  landscape  plants. 
£.  G.  Davis  — ^A  study  of  the  history  of  landscape  art  in  England. 
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^.  Porter  —  Landscape  architecture:  its  relatioa  and  application  to  the  rural  schools 
of  New  York  State. 

Astudy  of  the  ferns  of  New  York  State  in  their  relation  to  landscape  art. 

Meteorology 

In  the  Department  of  Meteorology  the  following  work  is  under  way : 

W.  M.  Wilson  —  Studies  in  evaporation. 

W.  M.  Wilson  and  others  —  The  relation  of  the  dimate  of  New  York  to  the  agricultural 
industries  of  the  State. 

Plant  Breeding 

In  the  Department  of  Plant  Breeding  the  following  papers  have  been 
published: 

R.  A.  Emerson  —  Pistillate-flowered  maize  plants.    Joum.  hered.  11 :  65-76.     1920. 

This  paper  gives  the  results  of  a  mendelian  study  of  two  tjrpes  of  com  bearing 
seed  in  the  tassel. 

C  H.  Myers  —  The  use  of  a  selection  coefficient.     Amer.   Soc.  Agran.     Joum. 
12:106-112.     1920. 

This  paper  gives  the  results  of  some  selections  with  dent  com  for  high  yield 
of  mature  ears.  An  adaptation  of  the  ear-to-row  method  was  followed.  In 
selecting,  a  coefficient  obtained  by  multiplying  the  yield  by  the  percentage  of 
ripe  eai%  was  used. 

The  following  papers  are  ready  for  publication: 

E.  G.  Anderson  —  Inheritance  of  salmon  silk  color  in  maize. 

Saikis  Boshnakian  —  The  relation  of  the  spelt  factor  in  wheat  to  rachis  intemode 

length. 

The  genetics  of  squareheadedness  and  of  density  in  wheat. 
R.  A.  Emerson  —  The  genetic  relations  of  plant  colors  in  maize. 
W.  H.  Byster  —  Zigzag  culm  in  maize. 

A  genetic  study  of  the  tunicate  character  in  maize. 
G.  P.  McRostie  —  Inheritance  of  disease  resistance  in  the  common  bean. 
C.  H.  Myers,  H.  H.  Love,  and  P.  P.  Bussell  —  Production  of  new  strains  of  com  for 

New  York. 

The  following  work  is  under  way: 

E.  G.  Anderson  —  Liiikage  studies  in  com. 

P.  P.  Bussell  —  Breeding  barley. 

P.  P.  Bussell,  C.  H.  Myers,  C.  B.  Hutchison,  and  R.  A.  Bmerson  —  Breeding  com  for 

grain  and  silage. 
R.  A.  Emerson  —  Mendelian  studies  with  com,  with  special  reference  to  linkage. 
R.  A.  Bmerson  and  G.  P.  McRostie   (in  oooi)eration  with  the  Department  of  Plant 

Pathcdogy)  —  Breeding  beans  for  high  yield  and  disease  resistance. 
A  C.  Praser  —  Mendelian  studies  with  Aquilegia. 
A  C.  Praser  (in  cooperation  with  the  Department  of  Ploriculture)  —  Breeding  hardy 

roses. 
C  B.  Hutchison  —  Mendelian  studies  with  flax  and  com. 
H.  H.  Love  —  Mendelian  studies  with  wheat  and  oats. 

The  effect  of  selection  within  pure  lines  of  beans  and  oats. 
H.  H.  Love  (in  cooperation  with  the  Cereal  Office  of  the  United  States  Department  of 

Agriculture)  —  Breeding  wheat,  oats,  and  rye. 
C  H.  Myers  —  Breeding  timothy. 

Tuber-sdection  studies  with  potatoes. 

Breeding  cabbage. 

The  possibility  of  the  inheritance  of  variatiQiis  induced  by  differences 

in  nutrition  in  wheat. 
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Plant  Pathology 

In  the  Department  of  Plant  Pathology  the  following  papers  have  been 

published: 

W.  H.  Burkholder  —  The  dry  root-rot  of  the  bean.    Cornell  Univ.  Agr.  Exp.  Sta.    Mem. 
26.     1919. 

This  paper  reports  the  results  of  laboratory  studies  of  the  fungus  Fusarium 
martii  phaseoli  n.  form, f'wlddkicBMses  the  diy  root-iot  of  the  bean,  together  with 
inoculation  studies  and  with  studies  concerning  the  effect  of  soil  temperature 
on  the  growth  of  the  fungus.  It  also  reports  the  results  of  experiments  to 
determine  the  extent  of  the  reduction  in  ^eld  caused  by  the  disease,  and  efforts 
to  control  it  by  soil  treatments  and  by  securing  resistant  strains  through  breeding. 

The  effect  of  two  soil  temperatures  on  the  yield  and  water  relations 
of  healthy  and  diseased  bean  plants.    Ecology  i:  1 13-123.     1920. 

The  data  given  in  this  paper  suggest  that  the  Fusarium  root-rot  is  about  equally 
severe  at  a  temperature  of  about  18^  C.  or  at  one  of  26^  C,  though  the  bean 
plants  grow  more  vigorously  with  the  roots  at  the  higher  temperature. 

H.  M.  Pitzpatrick  —  Rostronitschkia,  a  new  genus  of  Pyrenomycetes.    Myoologia 
11:163-167.     1919. 

E.  M.  Smiley  —  The  Phyllosticta  blight  of  snapdragon.    Phytopathology  10:232-248. 
1920. 

Inoculation  experiments  and  other  studies  of  the  organism  PhyUosHda 
antirrhini  Sydow,  which  causes  a  blight  of  the  snapdragon,  together  with  histo- 
logical studies  of  the  diseased  tissue. 

H.  H.  Whetzel  —  The  present  status  of  dusting.    New  York  State  Hort.  Soc.     Proc. 
2:45-75.     1920. 

This  is  a  review  of  the  results  of  experiments  with  dust  spraying  in  the  various 
sections  of  the  country. 

The  following  papers  are  ready  for  publication: 

M.  F.  Barrus  —  Bean  anthracnose. 

C.  Chardon  —  Pyrenomycetes  of  Porto  Rico. 

H.  M.  Pitzpatrick  —  Monograph  of  the  Coryneliaceae. 

E.  F.  Hopkms  —  The  Botrytis  blight  of  tulips. 

The  following  work  is  under  way: 

M.  F.  Barrus  —  Investigations  on  some  peculiar  potato  diseases. 

F.  M.  Blodgett  —  Investigations  into  the  nature  and  control  of  the  leaf  roll  and  mosaic 

diseases  of  potatoes. 
O.  C.  Boyd  —  Diseases  of  potatoes. 
W.  H.  Burkholder  —  Investigations  on  the  bacterial  blight  of  beans  and  other  bean 

diseases. 
C.  Chupp  —  Investigations  on  the  bacterial  disease  of  the  lima  bean. 
H.  W.  Dye  —  Investigations  on  the  diseases  of  lettuce,  particularly  bottom  rot  and 

blights. 
K.  H.  Femow  —  Diseases  of  potatoes. 

H.  M.  Pitzpatrick  —  Studies  on  the  life  histories  and  taxonomv  of  the  Sphaeriales. 
L.  O.  Gratz  —  Diseases  of  market  garden  crops,  especially  cabbage,  eggplant,  and 

potatoes. 
R.  S.  Kirby  —  Root  rot  of  com. 

L.  M.  Massey  —  Investigations  on  some  diseases  of  gladioH  and  roses. 
A.  G.  Newhall  —  Diseases  of  onions  and  lettuce. 
F.  R.  Perry  —  A  new  disease  of  white  pine. 
S.  P.  Schlatter  —  Ehisting  for  control  of  fruit  diseases. 
R.  H.  Vogel  —  Diseases  of  cabbage,  cauliflower,  and  potatoes. 
H.  H.  Whetzel  —  Continuation  of  work  on  Botrytis  diseases  of  plants. 
R.  P.  White  —  Blossom-end  rot  of  tomatoes. 
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Pomology 

In   the  Department  of  Pomology  the  following  papers  have  been 
published: 

D.  B.  Carrick  —  Resistance  of  the  roots  of  some  fruit  species  to  low  temperattsre. 
Cornell  Univ.  A^.  Bxp.  Sta.    Mem.  36.     1920. 

In  a  laboratory  freezing  chamber  the  smallest  roots  of  French  apple  seedlings 
killed  at  a  temperature  of -10^  C.  or  even  higher,  while  the  laigest  parts  of  seed- 
ling roots,  one  year  old,  killed  at  temperatures  between  -12  and  -16°  C. ;  this  when 
the  roots  were  the  most  resistant,  m  midwinter.  Young  roots  of  French  pear 
seedlings  and  of  Kieffer  pear  seedlings,  and  roots  of  sweet  cherry,  of  Myrobalan 
pltmi,  of  Lindley,  Norton,  and  Cynthiana  grapes,  of  the  blackbierry,  and  of  the 
red  raspbeny,  were  less  resistant  than  those  of  the  French  apple  seedlings,  while 
roots  of  the  Mahaleb  cherry  seedling,  the  Clinton,  Concord,  and  Diamond  grapes, 
the  Wilder  currants,  and  the  Downing  gooseberries  were  more  resistant  —  roots 
of  the  Downing  gooseberry  withstanding  a  temperature  of  -^o^  C.  Roots  sur- 
rounded by  soil  seemed  to  kill  at  about  the  same  temperatures  as  when  sur- 
rounded by  air.  Roots  were  more  resistant  in  a  slightly  wilted  condition  than 
when  turgid. 

W.  H.  Chandler  —  Some  results  as  to  the  response  of  fruit  trees  to  pruning.    Soc. 
Hort.  Sd.    Proc.  z6  (1919):  88-101.     1920. 

It  is  rep<»ted  in  this^  paper  that  pruning  either  while  dormant  or  during  the 
growing  period  markedly  dwarfs  fruit  trees.  The  dwarfing  effect  is  much  greater 
with  young  trees  than  with  older  ones.  While  pruning  dwarfs  the  older  trees, 
it  appreciably  increases  the  vigor  at  the  growing  points  that  are  left.  This 
increased  vigor  seems  to  result  fxx>m  the  fact  that  fewer  growing  points  are  sup- 
plied with  water  and  mineral  nutrients  from  a  root  system  that  temporarily  is 
not  reduced.  Root  growth  following  pruning  is  relatively  less  rapid  than  top 
growth,  however,  and  so  this  increased  vigor  is  only  temporary.  With  apples, 
pruning  reduces  the  fruitfulness  of  yotmg  trees  to  a  mudi  greater  extent  than 
It  dw^s  them.  This  does  not  seem  to  be  true  of  plums,  and  is  less  striking  with 
pears  than  with  apples. 

A.  J.  Heinicke  —  Concerning  the  shedding  of  flowers  and  fruits  and  other  abscission 
phenomena  in  apples  and  pears.    Soc.  Hort.  Sd.    Proc.  z6  (1919} :  76-83.   1920. 

This  paper  reports  studies  concerning  the  separation  zone  when  the  fruit 
falls;  some  characteristics  of  fruit  doomed  to  fall;  conditions  that  induce  or 
hasten  absdssion;  and  conditions  that  delav  or  prevent  abscission.  The  author 
seems  to  find  that  the  causes  which  stimulate  or  exdte  the  peculiar  changes  in 
this  region  are  associated  with  variations  in  nutrition  and  water  supply.  If  the 
tissue  above  the  pkme  in  which  separation  may  occur  is  abundantly  supplied 
with  water  and  other  substances  that  counteract  maturity  or  favor  translocation 
or  utilization  of  assimilated  material,  conditions  apparently  are  not  favorable  for 
manifestation  of  the  meristematic  nature  of  cells  in  the  potential  abscission  zone. 

The  following  paper  is  ready  for  publication: 

H.  A.  Phillips  —  Effect  of  dimatic  conditions  on  fruit  trees  in  relation  to  the  blooming 
and  the  ripening  dates,  and  the  length  of  the  growing  period. 

The  following  work  is  under  way : 

W.  H.  Chandler  —  The  effect  of  the  pruning  necessary  to  secure  various  forms,  on  the 
leaf  surface*  growth,  and  fruiting  habit  of  apples,  pears,  plums,  quinces,  cherries, 
and  peaches. 

The  effect  of  pruning  and  of  fruiting,  especially  seed  production, 
on  the  amount  of  dry  matter  |»roduced  by  a  given  leaf  area,  with  apples, 
chemes,  and  grapes. 

The  relative  response  of  gooseberries,  currants,  red  and  black  rasp- 
berries, blackberries,  young  apple  trees,  and  com,  when  growing  in  the  same 
soil,,  to  appUcations  of  fertuizers. 

The  recovery  cl  fruit  trees  from  serious  winter  injury. 
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A.  J.  Heinicke  —  Factors  that  influence  the  abscission  of  flowers  or  young  fruits. 

Factors  that  influence  the  size  and  water  supply  of  fruits. 
Studies  on  the  catalase  activities  of  fruit-tree  tissues. 
The  effect  on  fruit  trees  of  possible  secretions  from  grass  roots. 
The  effect  of  different  styles  of  pruning  on  the  percentage  of  apple 
blossoms  that  set  fruit. 
A.  J.  Heinicke  (in  cooperation  with  the  D^>artment  of  Soil  Technology)  —  The  effect 
of  grass  on  the  nitrogen  supply  of  fniit  trees,  and  the  response  of  the  trees  to 
variations  in  the  nitrogen  supply. 
R.  W.  Rees  —  Variations  in  the  internal  structure  of  apples  and  pears  as  a  possible 
means  of  identification* 

Poultry  Husbandly 

In  the  Department  of  Poultry  Husbandry  the  following  paper  has  been 
published: 

£.  W.  Benjamin  —  A  study  of  selections  for  the  size,  shape  and  color  of  hens*  eggs. 
Cornell  Univ.  Agr.  Exp.  Sta.    Mem.  31.    1920. 

The  author  of  this  paper  concludes  that  the  variability  of  a  bird's  production 
for  a  certain  character  does  not  depend  on  the  difference  existing  between  that 
bird's  parents  for  the  same  character.  It  appears  that  small  size  and  length 
of  egg  are  dominant,  while  there  seems  to  be  no  dominancy  whatever  for  ccJor. 
The  type  of  egg  incubated  affects  the  mean  t^rpe  of  egg  produced  during  the 
life  of  the  bird  hatched,  to  a  greater  extent  than  it  affects  the  pullet-year  produc- 
tion or  the  production  of  any  other  single  year, 

A  strong  correlation  exists  between  the  types  of  eggs  produced  by  individuals 
and  the  type  of  eggs  from  which  these  individuals  were  hatched.  There  is  no 
correlation  between  the  size  and  the  shape  of  eggs  produced  by  the  birds*  used 
in  this  experiment.  No  definite  tendency  is  shown  toward  a  reduction  of  the 
variabilitv  of  type  of  ^gs  produced  by  individual  birds  during  successive  years. 
During  tne  piolet  year  the  size  of  the  eggs  produced  increases  rapidly,  but 
after  the  first  year  s  production  no  appreciable  change  in  the  size  of  the  eggs 
produced  can  be  found.  There  seems  to  be  no  perceptible  and  consistent 
difference  between  the  shapes  of  eggs  laid  by  pullets  and  those  laid  by  hens. 

There  is  no  gradual  darkening  of  the  shell  pigment  after  the  second  year's 
production.  Each  year  there  is  a  tendency  for  the  eggs  produced  to  be  more 
and  more  white  during  the  first  five  or  six  months  of  production,  and  then  to 
be  more  tinted  again  toward  the  end  of  the  production  season. 

A  distinct  positive  correlation  is  found  between  the  size  of  the  eggs  incubated 
and  the  vigor  of  the  respective  chicks  hatched,  at  various  ages  of  the  chicks; 
this  correlation  is  especiall]r  significant  during  the  period  of  severe  weather 
conditions.  There  is  a  significant  positive  correlation  between  the  size  of  the 
eggs  incubated  and  the  size  of  the  respective  chicks  hatched;  this  correlation 
persists  during  the  life  of  the  birds  as  far  as  it  was  studied,  that  is,  during  a 
period  of  228  weeks. 

The  following  articles  in  trade  journals  are  based  on  studies  conducted 
in  the  department: 

E.  W.  Benjamin  —  Handling  of  market  eggs.     (National  poultry,  butter,  and  egg 

bulletin.) 
O.  B.  Kent  —  How  to  tell  a  laying  hen.    (Country  gentleman.) 

Methods  of  pidong  out  the  best  laying  hens.     (Country  gentleman.) 
Characteristics  of  egg  type.     (Country  gentleman.) 
Definite  plan  of  breeding  for  egg  production  with  a  minimum  use  of 
trapnests.     (Reliable  poultry  journal.) 

A  practical  judging  system.     (Reliable  poultry  journal.) 
Trap-nest  pedigree  breeding  for  egg  production.      (Rdiable  poultry 
journal.) 

Selecting  roosters  to  increase  production.    (Com^  countryman.) 
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X  E*  Rice  —  Influence  of  illumination  on  egg  production.     (Country  gentleman.) 

Artificial  illumination  as  a  factor  in  egg  production.  (Cornell  countryman.) 

The  following  work  is  under  way : 

Mavia  Allen  —  Correlation  of  market-egg  qualities  with  cooking  values. 
V.  S.  Asmundson  —  Relation  of  keel  and  i^vic  bones  to  shape  and  production. 
E,  W.  Benjamin  —  Determination  of  egg  grades. 

L.  E.  Card  —  Influence  of  season  of  hatclnng  on  egg  production  and  cost. 
G.  P.  Heuser  —  A  study  in  the  rate  and  method  of  digestion  of  feeds  on  egg  production. 

The  effect  of  rations  previous  to  hatching  season  on  egg  production, 
fertility,  and  hatching  quality  at  the  breeding  season. 
G.  P.  Heuser  and  J.  E.  Rice  —  Feeding   pullets   for  egg  production  with  artificial 

illumination. 
O.  B.  Kent  —  Inheritance  of  fecundity. 

The  relation  of  physical  characters  to  egg  production. 
Inbreeding. 

Effect  of  cumulative  selection  on  external  characters. 
Inheritance  of  comb  type. 

Comi)arison  of  breeds  and  varieties  for  egg  production. 
Relation  between  pigmentation  of  the  parents  and  the  hatching  quality 
of  eggSm 
H.  L  Macomber  —  Preservation  of  market  eggs. 

Causes  of  loss  of  eggs  and  poultry  in  transit. 
J.  E.  Rice  —  Distribution  of  egg  production. 

The  effect  of  illumination  on  production. 

Rtual  Education 

In  the  Department  of  Rtiral  Education  the  following  paper  is  ready  for 

publication: 

W.  F.  Lusk  —  The  me  of  tand  in  comtection  with  the  agricultural  boarding  schools 
of  the  South. 

The  following  work  is  being  carried  forward: 

J.  E.  Butterworth' —  Rural  school  finance. 

Building  scales  for  rural  schools. 

P.  J.  Kmse  —  Use  of  psydiological  tests  as  a  basis  of  adnussion  to  college  and  of  edu- 
cational guidance. 

R.  M.  Stewart  —  Inequalities  of  school  support  in  Iowa. 

G.  A.  Works,  P.  J.  iCruse,  J.  E.  Butterworth,  T.  H.  Eaton,  and  O.  G.  Brim  (in  coopera- 
tion with  workers  from  other  imiversities)  —  A  rural  school  survey  of  the  State 
gI  New  York. 

Rural  Engineering 

In  the  Department  of  Rural  Engineering  the  following  work  is  under 
way: 

I.  C.  McCurdy  —  Methods  of  subsurface  irrigation  for  domestic  sewage. 
.  C.  McCurdy  and  H.  W.  Riley  —  Engineering  problems  in  the  disposal  of  creamery 
sewage  wastes. 
H.  W.  Riley  and  F.  L.  Fairbanks  —  Implement  draft. 

Rural  Social  Organization 

In  the  Department  of  Rural  Social  Oi^anization  the  following  work  is 
underway: 

D.  L.  Sanderson  —  The  rural  churches  of  Tompkins  County. 
W.  S.  Thompson — A  study  of  the  Sherwood  community. 

A  study  of  the  social  relations  of  the  rural  schools  in  Tompkins 
County. 

I 
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Soil  Technology 

In  the  Departanent  of  Soil  Technology  the  following  papers  have  been 

published: 

T.  L.  Lyon,  J.  A.  Bizzdl,  and  B.  D.  Wilson  —  The  formation  of  nitrates  in  a  scnl  fol- 
lowing the  growth  of  red  clover  and  of  tinu>thy.    Soil  science  9: 53-64.    1920. 

Twelve  cylinders  capable  of  being  leached  were  filled  with  a  soil  of  medium 
fertility  and  good  drainage  qualities.  The  soil  was  abtmdantly  limed  and  was 
fertilized  with  acid  phosphate,  muriate  of  potash,  and  dried  blood.  Six  cylinders 
were  planted  to  timothy  and  six  to  red  clover.  The  soil  of  aU  cans  was  inoculated 
with  Bacillus  radicicola  from  clover  nodules. 

During  the  period  when  the  timothy  and  the  clover  were  growing,  the  soil 
was  lea(£ed  with  distilled  water  from  time  to  time.  Nitrogen  was  determined 
in  the  drainage  water  and  in  the  crops  of  timothy  and  clover.  After  these  croi» 
were  removed  the  soil  was  allowed  to  remain  in  fallow  for  a  month,  and  was  then 
leached  and  nitrogen  was  determined  in  the  drainage.  Of  the  cylinders  on  which 
timothy  had  been  grown,  two  were  planted  to  oats  and  two  to  maize,  and  two 
were  kept  free  of  vegetation.  The  clover  cylinders  were  treated  in  the  same 
way.  All  were  leadied  from  time  to  time  and  nitrogen  was  determined  in 
the  drainage  water  and  in  the  crops. 

There  was  little  difference  in  the  quantities  of  nitrogen  leached  from  the 
timothy  soil  and  from  the  clover  soil  during  the  time  when  the  two  crops  were 
growing  on  them.  There  was  about  six  times  as  much  nitrogen  leadied  from 
the  clover  soil  during  the  month  when  both  soils  stood  fallow  after  Uie  timothy 
and  clover  crops  had  been  removed.  There  was  only  about  twice  as  much 
nitrogen  leached  from  the  fallow  clover  soil  as  from  the  timothy  soil  during  the 
next  five  months.  At  the  end  of  this  period  the  rate  of  nitrate  pix)duction  in 
the  clover  soil  was  little  greater  than  that  in  the  timothy  soiL  The  crops  of 
oats  and  maize  following  aover  were  larger,  and  contained  more  nitrogen,  than 
those  following  timothy. 

The  experiment  taken  as  a  whole  shows  that,  under  the  same  conditions  of 
soil  and  treatment,  clover  caused  a  greater  production  of  available  nitrogen 
than  did  timothy.  This  effect  is  shown  in  the  nitrate  content  of  the  drainage 
water  and  the  total  nitit^^en  content  of  the  oats  and  the  maize.  Whether  the 
clover  stimulated  the  nitrification  process,  or  whether  it  contributed  easily 
nitrifiable  material,  is  not  apparent  from  the  data.  If  the  greater  production 
of  nitrates  in  the  aover  soil  was  due  to  the  decomposition  of  the  residue  of  that 
crop,  it  appears  that  a  part  of  this  residue  is  more  easily  nitrifiable  than  dried 
blood,  and  that  it  constitutes  only  a  small  part  of  the  entire  residue  of  the  clover 
crop. 

R.  A.  Smith  —  Some  effects  of  potassium  salts  on  soils.    Cornell  Univ.  Agr.  Exp.  Sta. 
Mem.  35.     1920. 

In  the  experiments  described  in  this  memoir,  potassium  chloride  decreased 
the  accumulation  of  nitrates  in  all  cases.  Lime  overcame  this  effect  in  part. 
Potassium  sulfate  apparently  stimulated  the  accumulation  of  nitrates  in  Hagers- 
town  and  Dekalb  soils. 

The  heavier  potassium  chloride  treatments  depressed  nitrification  of  added 
materials.  Potassium  sulfate  stimulated  the  process  in  all  three  soils  with  the 
exception  of  the  heaviest  treatment  with  Hagerstown  soil.  Lime  had  a  tendency 
to  correct  the  depression  of  the  chloride  in  the  Volusia  soil,  but  did  not  entirely 
overcome  it. 

No  iron  nor  aluminum  was  found  in  any  of  the  water  extracts,  and  no  man- 
ganese was  found  in  the  extracts  from  the  Volusia  soil;  hence  the  harmful  action 
of  the  potassium  salts  cannot  be  attributed  to  replaced  iron  or  aluminum,  or 
to  manganese  in  the  case  of  Volusia  soil.  Both  the  chloride  and  the  sulfate  of 
potassium  replaced  calcium  strongly.  Less  calcium  appeared  in  the  extract 
from  the  sulfate-treated  series  than  would  be  expected,  possibly  because  of  the 
relative  insolubility  of  calcium  sulfate.  Magnesium  was  replaced  less  strongly 
than  was  calcium.  Manganese  was  replaced  in  very  appreciable  amoimts  in 
Hagerstown  and  Dekalb  soil,  particularly  in  the  latter.     The  soil  highest  in 
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water-soluble  manganese  showed  the  least  nitrifying  efficiency,  the  smallest 
growth  cd  wheat  in  pot  cultures,  and  the  poorest  growth  of  wheat  rootlets  in 
extract  cultures. 

The  effects  of  potassium  salts  on  plant  growth  are  due  to  a  complex  inter- 
action of  factors,  mvolving  perhaps  the  direct  action  of  the  salts  on  plant  growUi 
and  on  bacterial  activities,  and  also  the  action  of  bases  replaced  by  the  potassium, 
particulaily  numganese. 

H.  W.  Turjwn  —  The  carbon  dioxide  of  the  soil  air.  Cornell  Univ.  Agr.  Exp.  Sta. 
Mem.  32.    1920. 

The  results  of  this  study  indicate  that  the  plant  itself,  and  soil  organisms, 
produce  most  of  the  carbcm  dioxide  in  the  soil;  that  the  plant  often  produces 
at  the  period  of  its  most  active  growth  many  times  as  much  carbon  dioxide  as 
is  produced  by  soil  oiiganisms;  and  that  the  excess  carbon  dioxide  in  ^e  soil 
growing  a  crop  is  due  to  respiratory  activity  of  the  plants  rather  than  to  the 
decay  ol  root  particles  from  the  crop  growing  on  the  soil  at  the  time  of  analysis. 

A.  P.  Vass  —  The  influence  of  low  temperature  on  soil  bacteria.  Cornell  Univ.  Agr. 
Exp.  Sta.    Mem.  27.    1919. 

When  soils  have  been  frozen  there  is  sometimes  an  increase  in  the  bacteria 
count  as  indicated  by  the  agar-plate  method.  The  author  of  this  paper  finds 
that  this  is  due  to  the  breaking-up  of  the  clumps  of  bacteria,  not  to  growth  and 
multiplication.  The  results  of  some  studies  concerning  factors  that  influence 
the  resistance  of  bacteria  to  low  temperature  are  also  reported  here,  and  a  review 
of  the  literature  concerning  the  killing  of  plant  tissue  by  low  temperature  is 
given. 

The  following  papers  are  ready  for  publication  : 

A.  F.  Gustaf son  —  The  effect  of  drying  soils  on  the  water-soluble  constituents. 
T.  L.  Martin  —  Decomposition  of  green  manure  at  different  stages  of  growth. 

The  following  work  is  under  way: 

T.  L.  Lyon,  J,  A.  Bizzell,  B.  D.  Wilson,  and  E.  W.  Leiand  —  Amount  and  composition 
(tt  drainage  water  from  soils,  with  special  reference  to  the  effect  of  linung  and 
cropping. 

T.  L.  Lyon,  J.  A.  Bizzdl,  J.  K.  WHson,  A.  J.  Heinicke,  and  B.  D.  Wilson  —  The  influ- 
ence of  higher  plants  on  nitrogen  transformation  in  soils. 

T.  L.  Lyon,  J.  A.  BizzeU,  £.  L.  Worthen,  and  A.  P.  Gustafson  —  The  composition  and 
properties  of  certain  soil  types,  and  their  response  to  fertilizers,  lime,  and  plant 
girowth. 

This  project  indudes  the  following  purposes:  to  measure  the  nitrogen  balance 
in  soil  under  alfalfa  and  timothy  grown  continuously  and  under  certain  crop 
rotations;  to  ascertain  whether  the  composition  of  a  soil  type,  as  now  classified, 
is  fairly  uniform  and  characteristic;  to  ascertain  whether  tne  soil  type,  as  now 
distinguished,  is  an  index  to  the  fertilizer  needs  of  a  soil;  to  test  the  availability 
of  floats  as  influenced  by  farm  manure,  and  to  compare  this  carrier  of  phos- 
phorus with  add  phosphate  by  field  trials;  to  compare  the  rdative  effectiveness 
as  soil  amendments  of  burned  lime,  limestone,  marl,  gypsum,  dolomite,  and 
magnesite,  and  of  limestone  ground  to  different  degrees  of  fineness;  to  ascertain 
the  effect  on  soil  productivity  of  continuous  cropping  when  the  organic  matter 
of  the  soil  is  maintained  by  means  of  seeded  crops;  to  test  various  mixtures  of 
fertilizer  salts  on  different  courses  in  a  crop  rotation  as  means  of  maintaining 
soil  productivity;  to  test  certain  methods  of  soil  management  applied  to  Ontario 
loam  and  Volusia  silt  loam  at  different  places  in  the  State. 

UST  OF  PUBLICATIONS 

The  following  publications  of  the  College  and  Experiment  Station  have 
been  issued  during  the  year  and  distributed  to  the  people  of  the  State 
and  to  teachers  and  investigators  in  other  States.    They  constitute  part 
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of  the  annual  report  of  the  College  and  are  issued  separately  as  bulletms. 
Copies  of  any  of  these  publications  may  be  had  on  application  to  the 
Office  of  Publication,  College  of  Agriculture,  Ithaca,  New  York,  so  long 
ds  the  supply  lasts. 

ot^         Number 

i«  JuH^i        of  copies 

»8^if^         printed 
memoirs:  publication       f*"*«^-»    ^ 

2  (Reprint)  Action  of  certain  nutrient  and  non-nutrient 

bases  on  plant  growth  (Department  of  Botany) 102  i ,  000 

5  (Reprint)  Physiological    studies  of  Bacillus  radicicola 

01  Canada  field  pea  (Department  of  Botany) 84  i  ,000 

6  (Reprint)  Pusaria  of  potatoes  (Department  of  Plant 

Pathology) 188  i  ,500 

8  (Reprint)  A  bacterial  disease  of  stone  fruits  (Depart- 
ment of  Plant  Pathology) 64  i  ,000 

10  (Reprint)  A  classification  of  the  varieties  of  cultivated 

oats  (Demrtment  of  Farm  Crops) 96  3f 000 

11  (Reprint)  Biology  of  the  Membracidae  of  the  Cayuga 

Lake  Basin  (Department  of  Entomology) 276  i  ,000 

18  (Reprint)  A  study  of  bacteria  in  ice  cream  during 

storage  (Department  of  Dairy  Industry) 40  i ,  000 

28  Cooperative  marketing  in  the  Chautauqua-£rie  grape 

industrjr  (Department  of  Rural  Economy) 94  4tOOO 

29  The  lecithin  content  of  butter  and  its  possible  relation- 

ship to  the  fishy  flavor  (Department  of  Dairy  Indus- 
try)    58  5 ,  000 

30  Phosphorus  in  butter  (Department  of  Dairy  Industry) .  36  3 ,  500 

31  A  study  of  selections  for  the  size,  shape,  and  color  of 

hens  eggs  (Department  of  Poultry  Husbandry) 124  4f  500 

32  The  carbon  dioxide  of  the  soil  air  (Department  of  Soil 

Technology) 50  4,500 

33  The  ribbed  pine-borer  (Department  of  Entomology). .  19  4,500 

34  An  economic  study  of  farm  layout  (Department  of  Farm 

Management) 181  8,000 

35  Some  effects  of  potassium  salts  on  soils  (Department 

of  Soil  Technology) 41  4, 500 

36  Resistance  of  the  roots  of  some  fruit  species  to  low 

temperature  (Department  of  Pomology) 54  4,500 

37  A  modified  Babcock  method  for  determining  fat  in 

butter  (Department  of  Dairy  Industry) 28  4, 500 

38  The  crane-flies  of  New  York.    Part  II.    Biology  and 

phylogeny  (Department  of  Entomology) 600  (est.)    4 ,  500 

Total 2 ,  135  61 ,  500 

EXPERIMENT  STATION  BULLETINS: 

353  (Reprint)  The  interior  quality  of  market  eggs  (Depart- 
ment of  Poultry  Husbandry) 48  10,000 

400  A  comparison  of  fat  tests  in  milk  as  determined  by  a 

cow-testing  association  and  by  a  creamery  (Depart- 
ment of  Dairy  Industry) 66  20,000 

401  A  comparative  study  of  some  methods  for  determining 

the  fat  content  of  skimmilk  (Department  of  Dairy 

Industry) 20  7,000 

402  The  apple  maggot  in  New  York  (Department  of  Ento- 

mology)   16  12,000 

Total 150  49,000 
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BBASIKG-COUKSB  LESSONS  FOR  THE  PAKM: 

12  (Reprint)  The  improvement  of  the  wood-lot  (Depart- 
ment of  Forestry) 

72  (Reprint)  Culture  of  the  grape  (Department  of  Pomol- 
ogy)  

106  (Repaint)  Spring  in  the  flower  garden  (I>epartment  of 
Floriculture) 

113  (Reprint)  Judging  draft  horses  (I>epartment  of  Animal 

Husbandly) 

114  (Reprint)  Sdos,  and  the  production  and  feeding  of 

silage  (Department  of  Animal  Husbandry) 

115  (Reprint)  Iteeping  sheep  for  profit   (Department  of 

Animal  Husbandry) 

117  (Rqvint)  Computing  rations  for  farm  animals  (De- 
partment of  Animal  Husbandry) 

121  (Reprint)  The  culture  of  gaiden  roses  (Department  of 

Floriculture) 

122  (Reprint)  Planting  the  home  vegetable  garden  (De- 

partment of  Farm  Crops) 

123  (Ri^int)  Top- working  and  bridge-grafting  fruit  trees 

(Department  of  Pomology) 

130  (Reprint)  Rearing  chickens:  brooder  house  construc- 
tion (Department  of  Poultry  Husbandry) 

153  (Rrorint)  Preparation  of  eggs  for  market  (Department 
of  Potdtry  Husbandry) 

141  (Reprint)  Farm  manure:  its  production,  conservation, 
and  use  (Department  of  Soil  Technology) 

147  Making   advanced  registry   recx>rds    (Department   of 

Animal  Husbandry) 

148  The  use  of  lime  on  the  soil  (Department  of  Soil  Tech- 

nolc^gy) 

149  Principles  of  debate  (Department  of  Extension  Teach- 

ing)  ; 

150  Hog  cholera  (College  of  Veterinary  Medicine) 

151  Growing  sweet  peas  (Department  of  Floriculture) 

152  China  asters  (Department  of  Floriculture) 

153  The  country  theater  (Department  of  Extension  Teach- 

ing)   

154  Th^  peony:  a  flower  for  the  farmer  (Department  of 

Floriculture) 

155  The  countr]^  weekly  in  New  York  State  (Department 

of  Extension  Teaching) 

156  Incubation  (Department  of  Poultry  Husbandry) 

157  Feeding  for  egg  production  (Department  of  Poultry 

Husbandry) 

158  Locating  the  rural  community  (Department  of  Rural 

Social  Organization) 

Total 

lEADING-COURSB  LESSONS  FOR  THE  HOME: 

II  Reprint)  The  latmdry  (Department  of  Home  Eco- 
nomics)   

25  (Reprint)  Saving  strength  (Department  of  Home  Eco- 
nomics)   

31  (Rq>rint)  Household  bacteriology  (Department  of 
Home  Economics) 

85  (Rgorint)  The  arrangement  of  household  furnishings 
(Department  of  Home  Eoooomics) 


Number 

of  pages 

in  {Minted 

publication 

Number 

of  copies 

printed 

M 

1,000 

30 

5.000 

«4 

5.000 

32 

3.000 

24 

5.000 

24 

5.000 

68 

10,000 

38 

5.000 

«4 

5.000 

2S 

5.000 

3» 

10,000 

40 

10,000 

32 

5.000 

38 

35.000 

64 

15,000 

24 
30 

36 
40 

15.000 
40,000 
40,000 
40,000 

30 

40,000 

48 

40,000 

46 

40  (est) 

45.000 
40,000 

56  (est.) 

40,000 

36  (est.) 

46,000 

858 


504,000 


44 

5.000 

16 

5.000 

30 

3,000 

13 

5.000 
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RBADING-COURSB  LESSONS  FOR  THB  BOMS  (continued): 


Number 

of  pages 

inpffinted 

pubHcation 


12  (Reprint)  Short  cuts*  for  tlie  home  dietitian  (Depart- 
ment of  Home  Economics) 

17  (Reprint)  Cereals  in  the  diet  (Department  of  Home 
Economics) 

23  (Reprint)  A  program  of  thrift  for  New  York  State 

(Department  of  Home  Economics) 

24  (Reprint)  Making  a  budget   (Department  of  Home 

Economics) 

25  (Reprint)  Self-study    outlines    for    promoting    thrift 

(Department  of  Home  Economics) 

26  (Repnnt)  How  to  keep  a  cash  account  (£>epartment  of 

Home  Economics) 

27  (Rcn;)rint)  What  to  spend  for  food   (Department  of 

Home  Economics) 

28  (Reprint)  Points  in  selecting  the  daily  food  (Depart- 

ment of  Home  Economics) 

29  (Reprint)  Questions  for  group  discussions  on  thrift 

(Department  of  Home  Economics) 

30  (Roinnt)  Club  programs  on  thrift   (Department  of 

Home  Economics) 

31  Economics  of  a  sound  house  (Department  of  Home 

Economics) 

32  Economics  of  good  furnishing  (Department  of  Home 

Economics) 

33  Use  more  cheese  (Department  of  Home  Economics) . . . 


Total. 


EXTENSION  bulletins: 


10  (Reprint)  Gladiolus  studies  —  II.  Culture  and  hybrid- 
ization of  the  gladiolus  (Department  of  Floriculture).. 

21  (Reprint)  How  to  select  laying  hens  (Department  of 
Poultry  Husbandry) 

34  Extension  work  in  agriculture  and  home  economics  in 

New  York  during  191 8  (Department  of  Extension). . 

35  Composition  of  feeds   (Department  of  Animal  Hus- 

bandry)   

36  Soil  survey  of  Saratoga  County,  New  York  (Depart- 

ment of  Soil  Technology) 

37  Soil  survey  of  Oswego  County,  New  York  (Department 

of  Soil  Technology) 

38  Better  livestock  in  New  York  State  (Department  of 

Animal  Husbandry) 

39  Rural  community  conference   (Department  of  Rural 

Social  Organization) 

40  The  preparation  of  marketable  vinegar  (Department 

of  Agricultural  Chemistry) 


Total. 


as 


RURAL  SCHOOL  LEAFLETS: 

September,  1919  (Department  of  Rural  Education) . 
November,  191 9  (Department  of  Rural  Education) 
January,  1920. .  (Department  of  Rural  Education) 
Mardi,  1920 . . .  (Department  of  Rural  Education) 


44 
28 

8 


12 


8 
8 


8 


16 

8 

4 
20 


264 


318 


64 
16 

50 

64 


Number 

of  copies 

printed 

1,000 

r,ooo 

50,000 

50,000 

50,000 

25,000 

25,000 

25,000 

25,000 

25,000 

75.000 

75.000 
75. OOP 

519.000 


84 

5.000 

16 

5.000 

16 

15.000 

2 

15.000 

42 

3.000 

44 

3.000 

12 

25,000 

88 

5.000 

14 

10,000 

86,000 


25,000 

25.000 

150,000 

150,000 


Total. 


194 


350,000 
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Number 
of  pages 
in  printed 
JUNIOR  EXTENSION  BULLETINS:  publication 

1  (R«)rint}  First  lessons  in  sewing  (Department  of  Home 

Eksonomics) 44 

2  (R^nint)  Elementary  garment  making  (Department  of 

Home  Economics) 28 

3  (Reprint)  Rearing  the  dairy  calf  (Department  at  Rural 

Education) 32 

5  Raising  pigs  (Department  of  Rural  Education) 34 

6  Potato  growing  for  boys  and  girls  (Department  of  Farm 

Crops) 20 

7  First  lessons  in  food  study  (Department  of  Home  Eco- 

nomics)    84 

8  Com  growing  for  boys  and  girls  (Department  of  Farm 

Crops) 20 

Total 262 

miscellaneous: 

Around  the  campus  of  the  New  York  State  College  of 
Agriculture 28 

Information  for  students. 40 

Rogram  for  thirteenth  annual  Farmers'  Week,  February 
9-13,  1920 36 

Program  for  Farmers'  Field  Days,  June  30,  July  i  and  2, 

1920 16 

Guide  to  a  ride,  Cornell  campus  and  farms 32 

Total 152 

ANNUAL  REPORT  FOR  I919  (in  twO  VOlumCS) 2 ,230 

ANNOUNCEMENTS 

Announcement  of  summer  term,  1920 25 

Announcement  of  courses,  1920-21 88 

Announcement  of  winter  courses,  1920-21  ...>.. 40 

Total 153 

SUMMARY 
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Memoirs 

Experiment  station  bulletins 

Reading-course  lessons  for  the  farm. 
Reading-course  lessons  for  the  home 

Extension  bulletins 

Rural  school  leaflets. 

Cnior  extension  bulletins 
isceUaneous 

Annual  report 

Announcements. 
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number* 
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4 
25 
17 
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5 
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3 


93 


Total 
pages 


2.135 
150 
858 
264 

318 
194 
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6,716 


Copies 
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Report  of  thb  Dean  and  Director  79 

CONCLUSION 

In  submitting  this  report  of  the  activities  of  the  New  York  State  College 
of  Agriculture  and  the  Cornell  University  Agricultural  Experiment  Station 
for  the  year  1919-20,  I  desire  to  record  my  great  indebtedness  for  the 
able  assistance  of  my  associates,  Dr.  Cornelius  Betten,  the  Vice  Dean  of 
Resident  Instruction,  Professor  M.  C.  Bimitt,  the  Vice  Director  of  Exten- 
sion, and  Dr.  W.  H.  Chandler,  the  Vice  Director  of  Research,  in  its 
preparation. 

Respectfully  submitted, 

A.  R.  MANN, 

Dean  and  Director. 
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STATE  OF  NEW  YORK 


THIRTY-NINTH  ANNUAL  REPORT 

OF  THE 

New  York 
Agricultural  Experiment  Station 

(GENEVA,  ONTARIO  COUNTY) 

For  the  Year  1920 
With  Reports  of  Director  and  Other  Officers 


STATE  OF  NEW  YORK: 

DEPABTBfEKT  OF  AgBICUI/TUBB, 

Albany,  January  15,  1921. 

To  the  Legislature  of  the  State  of  New  York: 

As  Commissioner  of  Agriculture,  I  have  the  honor  to  submit 
herewith  the  Thirty-ninth  Annual  Report  of  the  Director  of  the 
New  York  Agricultural  Experiment  Station,  at  Geneva,  N.  Y., 
in  pursuance  of  the  provisions  of  the  Agricultural  Law. 

I  am,  respectfully  yours, 

GEORGE  E.  HOGUE, 

Commissioner. 
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NEW    YORK    AGRICULTURAL    EXPERIMENT    STATION 

W.  H.  Jordan,  Director. 

Geneva,  N.  Y.,  January  15,  1921. 

Hon.   George  E.   Hogue,   Commissioner  of  Agriculture,  Albany, 
N.  Y.: 

Dear  Sir:  I  have  the  honor  to  transmit  herewith  the  report  of 
the  Director  of  the  New  York  Agricultural  Experiment  Station 
for  the  year  1920. 

Yours  respectfully, 

W.  H.  JORDAN, 

Director. 
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Board  of  Control  of  the  New  York  Agricultural 

ExDeriment  Station 


TREASURER'S  REPORT 


Geneva,  N.  Y.,  July  1,  1920. 

To  ihe  Board  of  Control  of  the  New  York  AgricvUural  Experiment 
Station: 

As  Treasurer  of  the  Board  of  Ck>ntrol,  I  respectfully  submit  the 
following  report  for  the  fiscal  year  ended  Jime  30,  1920. 

1919  Receipts 

July  1.  To  balance  on  hand $6,078  37 

Salaries  and  labor  (Albany) $117,718  38 

Repairs  (Albany) 2,244  38 

Adams  fund. . ! 1,497  60 

Hatch  fund 1,488  19 

Printing 400  00 

Equipment  and  supplies 10,996  01 

Fuel,  light  and  power 6,833  28 

CoDomunication 2,200  00 

Hired  horses  and  vehicles 2,403  60 

General  plant  service 760  00 

Rent 660  16 

Traveling  expenses 3,000  00 

Produce 4,649  69 

163,730  99 

$168,809  36 


RbFOBT  of  THB  I'REAttUBBR. 
ExPENDrrURES 

Salaries  and  labor  (Albany) .  $117,718  38 

Repairs  (Albany) 2,244  38 

Adams  fund 1,465  22 

Hatch  fund 1,499  49 

Printing 393  66 

Equipment  and  supplies 11,233  82 

Fuel,  light  and  power 6,068  86 

Conunimication 2,178  91 

Hired  horses  and  vehicles 1,986  84 

General  plant  service 849  02 

Rent 580  50 

Traveling  expenses 2,999  96 

Produce,  remitted  treasurer  State 

of  New  York 4,549  59 

$153,768  62 

Balance  on  hand  June  30,  1920 5,040  74 

$158,809  36 


Balance  Ring  Memorial  Fund $1,244  95 


All  expenditures  are  supported  by  vouchers  approved  by  the 
Auditing  Committee  of  the  Board  of  Control  and  have  been  for* 
warded  to  the  Comptroller  of  the  State  of  New  York. 

{Signed)       W.  O'HANLON, 

Treasurer. 


DIRECTOR'S  REPORT  FOR  1920  * 


To  the  HonorMs  Board  of  Control  of  ihe  New  York  AgricuUural 
Experiment  Station: 

OenUemen:  —  The  time  has  again  arrived  when  it  is  my  duty  and 
privilege  to  report  to  you  the  year's  operations  of  the  institution 
under  your  charge.  This  report  will  include  a  statement  of  the 
financial  relations  and  of  the  pressing  needs  of  the  institution. 
As  this  is  the  last  report  which  I  shall  have  the  honor  of  preparing 
for  3rou,  I  dedre  to  record  my  profound  appreciation  of  the  con- 
siderate and  helpful  attitude  which  your  Board  has  uniformly  main- 
tained toward  me  during  my  entire  period  of  service.  It  is  fitting, 
too,  that  I  should  express  my  deep  sense  of  obligation  to  the  members 
of  the  staff  with  whom  I  have  been  associated  for  their  generous  and 
hearty  cooperation  in  maintaining  the  work  of  the  institution.  In 
the  letter  of  resignation  which  I  addressed  to  you,  I  stated  that 
*'  the  measure  of  success  which  the  institution  has  attained  and  the 
confidence  which  the  people  of  the  State  appear  to  repose  in  it 
are  due  to  the  fidelity  of  my  associates  to  their  appointed  tasks, 
their  adherence  to  a  sound  interpretation  of  the  true  function  of  an 
Experiment  Station,  and  their  conservative  attitude  in  their  con- 
clusions and  public  statements." 

It  is  my  most  earnest  wish  that  the  institution  shaU  continue  to 
take  its  place  among  other  Experiment  Stations  that  adhere  with  a 
reasonable  degree  of  faithfulness  to  the  functions  of  a  research 
institution.  Before  relinquishing  the  directorship  it  is  my  hope 
that  I  shall  be  able  to  prepare  a  resiun^,  in  a  somewhat  popular 
form,  of  the  results  of  Station  work  important  to  practical  agricul- 
ture, which  have  been  secured  during  the  past  25  years. 

ADMINISTRATION 

STATION  STAFF 

Because  of  the  re-adjustments  following  the  disturbances  in  the 
staff  due  to  the  war,  and  because  of  the  attraction  offered  l^  oomr 

*Beprint  of  BuUetin  No.  483,  Deoembflr,  1020. 


4  Dibbctor's  Report  of  thb 

mercial  interests  and  by  otbfler  institutions,  there  have  been  rather 
an  unusual  number  of  resignations  from  the  staff,  necessitating  an 
equal  or  greater  nimiber  of  appointments.  The  resignations  are  as 
follows: 

William  C.  Stone,  M.  S.,  Assistant  Horticulturist,  resigned  May  1, 
1920,  to  enter  into  practical  agriculture. 

John  W.  Bright,  M.  S.,  Assistant  Bacteriologist,  resigned  June  15, 
19^,  to  take  a  position  with  a  commercial  company. 

Harold  H.  Winston,  B.  S.,  Assistant  Chemist,  resigned  July  31, 
1920,  to  enter  the  em[)loy  of  a  commercial  company, 
i    Edward  H.  Francis,  M.  A.,  Assistant  Ho.rticulturist,  resigned 
September  30, 1920. 

Otto  McCreary,  B.  S.,  Assistant  Chemist,  resigned  Sept.  15,  1920, 
to  accept  a  position  in  the  State  Experiment  Station,  Pullman, 
Washington. 

Rossiter  D.  Olmstead,  B.  S.,  Assistant  Entomologist,  resigned 
Sept.  30,  1920,  to  accept  a  position  with  a  manufacturing 
concern. 

!  Myron  W.  Finch,  M.  S.,  Assistant  Bacteriologist,  reugned  Dec. 
30,  1920,  to  accept  a  position  as  a  member  of  the  staff  of  the  Uni- 
versity of  Buffalo  Medical  SchooL 

The  loss  of  useful  men  who  have  become  actively  associated  with 
the  work  of  the  Station  has  always  been  a.  matter  of  .regret,  but 
it  is  to  be  expected  that  the  younger  men  of  the  staff  when  fitted 
for  advancement  which  it  is  not  possible  to  give  them  at  the  Station 
shall  seek  other  positions  offering  larger  remxmeration  or  larger 
opportunities.  It  is,  however,  unfortunate  that  so  many  of  our 
yoipg  men  who  give  promise  of  .usefulness  in  research  or  teaching 
are  attracted  by  larger  salaries  to  commercial  activities. 

The  appointments  are  as  follows: 

James  D.  Luckett,  M.S.A.,  graduate  of  Purdue  University,  was 
appointed  Editor  and  Librarian  on  March  1,  1920.  At  the  time 
of  his  appointment  he  was  a  member  of  the  staff  of  the  Office  of 
Experiment  Stations,  United  Stated  Department  of  Agriculture. 
He  succeeds  Mr.  Hall,  who  was  obliged  to  relinquish  his  work  on 
account  of  ill  health.  Hei  has  ^tered  enthusiastically  and  effectively 
into  service. 

Thomas  O.  Sprague,  B.S.,  graduate  of  the  University  of  Cali- 
fornia, was  appointed  Assifltant  Horticulturist,  May  1,  1920. 
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Myron  W.  Finch,  M.S.,  graduate  of  Rhode  Island  State  Collie 
of  Agriculture  and  a  graduate  student  of  Brown  Univserity,  Provi- 
dence, R.  I.,  was  appointed  Assistant  Bacteridogist,  June  15,  1920. 
After  remaining  with  us  for  a  few  months  and  having  shown  his 
ability,  he  was  offered  an  attractive  position  at  the  Buffalo  Medical 
School,  which  he  accepted. 

James  S..  Lawson,  Phm.  B.,  Museum  Preparator,  was  appointed 
July  1,  1920.  Part  of  the  purpose  of  the  new  building  recently 
erected  at  the  Station  was  to  house  a  miiseum  which  shall  visualize 
the  work  which  the  Experiment  Station  has  accomplished.  Mr. 
Lawson  entered  upon  this  work  July  1,  1920,  and  what  he  has 
already  accomplished  indicates  not  only  the  wisdom  of  his  appoint- 
ment but  justifies  the  policy  of  developing  a  museimi  on  the  plan 
indicated. 

Richard  Wellington,  M.S.,  graduate  of  Massachusetts  Agricul- 
tural Ck>llege  and  afterwards  a  graduate  student  of  Harvard  Uni- 
versity where  he  was  granted  the  degree  of  M.S.,  was  appointed 
Associate  Horticulturist,  July  1,  1920.  Mr.  Wellington  was  for- 
merly at  this  institution  for  five  years,  and  later  occupied  positions 
in  the  Minnesota  Experiment  Station  and  Maryland  University  as 
Professor  of  Vegetable  Gardening.  He  comes  to  the  Station  to 
meet  the  recognized  need  for  taking  up  work  in  the  field  of 
genetics  in  an  effort  to  make  available  the  extensive  results  in 
giant  breeding  which  have  been  secured  during  the  past  twenty- 
five  years. 

Harold  B.  Tukey,  M.S.,  graduate  of  the  University  of  Illinois, 
was  appointed  Assistant  Horticulturist  October  1,  1920. 

Naliian  F.  True,  A.B.,  graduate  of  the  University  of  Maioe,  was 
appointed  Assistant  Chemist  December  1,  1920. 

Laura  G.  Collison,  B.A.,  graduate  of  Ohio  State  University  and 
afterwards  a  graduate  student  at  Colimibia  University  for  one  year, 
was  appointed  Assistant  Editor  and  librarian^  July  1,  1920. 

Elizabeth  F.  Hopkins,  A.B.,  graduate  of  VaQsar,  was  appointed 
Assistant  Botanist,  July  1,  1920,  with  specific  reference  to  con- 
ducting seed  investigations  in  the  seed  laboratory  recently  established 
at  the  Station. 

Guy  F.  MacLeod,  B.S.,  graduate  of  Massachusetts  Agricultural 
College,  was  appointed  Assistant  Entomologist,  July  1,  1920,  under 
the  special  fund  for  Lisectiddes  and  Fungicides. 
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Mr.  M.  T.  Muim,  whose  dutieB  immediately  relate  to  seed  control 
was  promoted  from  Assistant  Botanist  to  Associate  Botanist^ 
July  1,  1920.  This  was  done  in  recognition  of  efficient  service  for 
several  years. 

HAINTBNANCB  FUND 

The  expenditm'es  of  the  Station  during  the  fiscal  year  ended 
Jxme  30»  1920,  were  as  follows: 

PenomJ  servioe $117,270  23 

Maintenanoe  and  operation  (inoluding  repaira) 37,635  83 

CoDStmetioa  or  permaaent  betterments 5,346  01 

Total $180,152  07 

The  Legislature  of  1920  made  the  following  appropriations  for 
the  use  of  the  Station  during  the  fiscal  year  beginning  July  1,  1920: 

Personal  service: 

Salaries  and  wages $148,150  00 

Salary  of  geneticist  (speoial) 2,750  00 

$150,900  00 

Maintenance  and  operation: 

Fuel,  light,  power,  and  water $7,000  00 

Printing 15,400  00 

Equipment  and  supplies 16,000  00 

Hjred  horses  and  vciiioles 2,500  00 

leveling  expenses 8,000  00 

Ck>nimunicatioii 2,500  00 

General  plant  service 1,000  00 

Repairs 4,000  00 

Rent 500  00 

51,900  00 

Insecticide  and  fungicide  investigations 5,000  00 

Total $207,800  00 

The  budget  proposal  for  1921-22  carries  the  following  sums  for 
the  various  needs  of  the  institution: 

Personal  service $176,975  50 

Maintenance  and  operation 62,000  00 

New  construction  and  permanent  betterments 85,000  00 

Defieienov 700  00 

Insecticide  and  fungicide  investigations  (re-appropriated) 3,006  33 

Total $327,683  83 

INCBEASS8  IN  8AIARIBS 

The  management  of  the  Station  is  highly  appreciative  of  the  action 
of  the  Legislature  of  1920  in  materially  increasing  thQ  salaries  of  the 
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members  of  the  scientific  staff.  Until  the  b^inning  of  the  present 
fiscal  year^  these  salaries  had  remaiaed  practically  on  a  pre-war 
basis.  With  the  increases  that  were  allowed,  the  salaries  are  not  yet 
on  a  par  with  those  paid  to  men  of  no  greater  ability  in  similar  lines 
of  work  in  the  State.  This  is  a  discrimination  against  the  members 
of  the  Station  staff  —  not  an  intentional  one,  but  one  that  has  come 
about  in  the  course  of  legislation.  The  budget  proposals  of  this 
year  suggest  the  bringing  of  these  salaries  up  to  a  parity  with  those 
enjoyed  by  men  in  positions  no  more  important  and  requiring  no 
larger  scientific  training  and  ability. 

NEEDED  BUILDING  EQUIPllENT 

For  several  years,  it  has  been  my  duty  to  call  your  att^tition  to 
the  fact  that  the  plant  houses  at  the  Station,  constructed  some  30 
years  ago,  and  the  small  cold  storage  building,  erected  nearly  as 
long  ago,  are  in  such  a  state  of  decay  as  imperatively  to  require 
their  replacement  by  new  structures  if  some  important  lines  of  work 
at  the  institution  are  to  be  continued.  The  public  may  not  be  aware 
that  the  modest  request  of  $50,000  for  forcing  houses  and  cold 
storage  facilities  at  the  Experiment  Station,  a  need  which  has  existed 
for  several  years,  was  denied  last  winter,  at  the  same  time  that 
millions  were  allotted  to  the  College  of  Agriculture.  This  is  said 
with  perfect  good  feeling  and  in  a  spirit  of  rejoicing  that  the  Collie 
has  such  a  splendid  future  before  it.  If,  however,  this  policy  is 
likely  to  continue,  the  result  will  handicap  agricultural  progress. 
It  will  result  in  a  top-heavy  educational  structure.  All  the  knowl- 
edge we  have  which  promotes  the  welfare  of  man  has  been  acquired 
in  two  ways  —  experience  and  scientific  research,  and  to  the  trained 
scientist  and  the  modem  laboratory  we  owe  a  large  part  of  the 
methods  and  appliances  which  have  made  possible  modem  progress 
in  agricultural  methods.  The  value  of  research  reaches  out  beyond 
ibe  benefit  to  the  farmer.  It  is  of  extreme  importance  to  all  the 
people  because  out  of  it  have  proceeded  a  more  abundant  supply  of 
food,  food  of  higher  quality,  and,  above  all,  those  sanitary  measures 
which  are  such  a  remarkable  defense  against  ph3rsical  ills. 

It  is  suggested  here  for  your  further  consideration  that  following 
a  policy  which  now  seems  to  be  acceptable  to  the  Legislature  of  the 
State  ^e  Board  of  Control  should  prepare  a  program  for  the  future 
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development  of  the  institution.  This  policy  has  been  accepted 
for  the  New  York  State  College  of  Agriculture  and  for  the  develop- 
ment of  the  good  roads  system  of  the  State.  The  Station  should 
have  new  forcing  houses,  new  cold  storage,  additions  to  the  chemical 
laboratory  to  permit  of  proper  scientific  study  of  problems  in  animal 
nutrition,  and  other  lines  of  enlargement  or  improvement  which 
must  be  brought  about  if  the  Station  is  to  continue  to  progress  and 
to  meet  the  increasing  needs  of  the  agriculture  of  the  State.  If  such 
a  program  is  presented  to  the  Legislature  and  adopted,  then  the 
various  needs  will  individually  be  met  as  fast  as  the  finances  of 
the  State  will  appear  to  permit. 

PUBUCATIONS 

The  Legislatiu^  of  1919  authorized  the  printing  of  two  volumes, 
namely,  "The  Pears  of  New  York"  and  "  Sturtevant's  Edible 
Plants  of  the  World."  The  latter  has  been  received  from  the 
printer.  Under  the  terms  of  the  law  "  any  surplus  copies  over  and 
above  the  number  necessary  for  distribution  to  the  members  of  the 
Legislature,  educational  institutions,  libraries,  and  for  exchange, 
shall  be  placed  on  sale  by  said  Station  to  the  public  at  cost,  as 
determined  by  the  State  Printing  Board."  The  Printing  C!om- 
mittee  has  set  the  price  of  this  volume  at  $2.75,  which  is  about 
one-fourth  or  less  than  such  a  publication  would  cost  if  printed  as 
a  private  enterprise.  On  receipt  of  this  sum,  payable  to  the  New 
York  Agricultural  Escperiment  Station,  voltunes  will  be  sent  to 
individuals  up  to  the  limit  of  the  supply. 

The  manuscript  for  "  The  Pears  of  New  York  "  is  not  yet  ready 
for  the  printer,  and  will  not  be  for  some  months.  This  volume  will 
not  be  distributed  under  a  year,  at  least. 

The  mailing  list,  on  the  basis  of  which  Station  publications  are 
now  issued,  is  as  follows: 

POPULAB  BVUMTOXB 

Resdents  of  New  York '. . .  37,000 

Residents  of  other  states 2,558 

Newspapers 735 

Experiment  stations  and  their  staffs 2,284 

Miscellaneous 350 

Total 42,927 
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COMPLBTB  BUUJDTIMB 

ESzperiiDfiiit  Btations  and  their  staffs 2,284 

libnuries,  scientists,  etc 400 

Foreign  fist 465 

Individuals ,. 4 ,  150 

IfiscellaneouB 350 

Total 7,649 


RESULTS  OF  STATION  WORK  IN  1920 

DIVISION  OF  AGRONOirr 

Sail  fertility  studies, —  BuDetin  No.  473  describes  investigations 
made  under  greenhouse  conditions  in  an  effort  to  determine  the  effect 
of  fertilizers  upon  the  productiveness  of  soils  from  different  parts 
of  the  State,  and  the  influence  of  fertilizers  and  crop  production  on 
the  soluble  material  of  the  soil. 

Varying  amoxmts  of  peat,  stable  manure,  and  commercial  fertilizers 
were  applied  to  nine  different  soils,  each  soil  receiving  the  same 
treatment.  Commercial  fertilizers  increased  production  to  a  much 
greater  extent  than  did  manure  supplying  the  same  amount  of  impor- 
tant plant  food  elements.  The  application  of  different  combinations 
and  amounts  of  commercial  fertilizers  to  a  highly  productive  soil 
and  to  a  poor  soil  resulted  in  larger  crop  production  on  the  latter 
than  on  the  fertile  soil. 

When  commercial  fertilizers  were  added  to  an  uncropped  soil  it 
was  found  that  the  proportion  of  soluble  plant  food  elements  was 
greatly  increased,  and  was  maintained  at  a  high  level  for  several 
months.  However,  soils  which  were  producing  crops  showed  a 
marked  diminution  of  water  soluble  material  even  in  the  early 
stages  of  the  growth  of  the  crop.  Before  the  plants  had  completed 
their  growth,  the  water  soluble  ingredients  of  the  soil  were  reduced 
to  a  level  which  was  maintained  during  further  growth.  It  was 
concluded,  therefore,  than  an  adequate  supply  of  immediately  avail- 
able plant  food  is  essential  to  successful  crop  production. 

Commercial  ferUUzers  in  the  orchard  and  vineyard. —  Work  on 
the  fertility  question  in  tiie  orchard  and  vineyard  has  now  been  in 
progress  for  six  to  seven  years  and  the  results  for  this  period  have 
been  published  in  a  progress  report  as  Bulletin  No.  477.  The 
investigation  was  originally  planned  as  an  extension  of  work  already 
done  on  this  question  by  the  Horticultural  Department.    The 
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character  of  the  results  secured  by  this  Department  in  the  Station 
Rome  Beauty  Orchard  made  it  very  desirable  to  duplicate  the  work 
on  other  soils  of  New  York  fruit-growing  sections. 

The  orchards  reported  on  in  the  bulletin  are  bb  follows:  Baldwin 
apple  orchards  near  Albion  and  Rochester,  a  Northern  Spy  apple 
orchard  near  Fulton,  a  pear  orchard  near  Kinderhook,  and  a  cheny 
orchard  near  Greneva.  The  experiment  also  included  a  Cbncord 
grape  vineyard  near  Fredonia  in  the  Chautauqua  grape  belt  and  an 
apple  nursery  near  Geneva. 

In  general,  the  results  in  the  apple  orchards  have  been  very 
similar  to  the  15-  to  20-year  results  with  the  Station  Rome  Beauty 
orchard.  So  far  as  yield  of  fruit  is  concerned,  it  has  not  paid  to  use 
conmiercial  fertilizers  on  the  Baldwin  orchards  under  the  system  of 
management  which  these  orchards  have  received.  The  Spy  orchard 
is  young  and  has  shown  some  increase  in  trunk  diameter  due  to 
fertilizers  but  what  it  will  do  as  to  yield  remains  to  be  seen.  The 
cherry  crop  has  been  increased  by  fertilizers,  especially  by  nitrogen 
but  the  increase  has  not  paid  for  the  cost  of  fertilization.  In  the 
vineyard,  the  indications  are  that  nitrogen  may  be  a  limiting  factor 
in  this  vineyard.  In  the  nursery  experiment,  altho  some  interesting 
questions  arose,  fertilizers  apparently  did  not  make  any  better  trees 
on  the  soil  used. 

Summing  up  the  results  to  date,  the  indications  are  that  on  the 
better  fruit  soils  of  New  York  (and  our  orchards  are  on  our  bett^ 
soils)  conmiercial  fertilizers  will  not  pay  financially  in  the  best 
recognized  syBtem  of  orchard  management,  namely,  that  of  clean 
cultivation  and  the  use  of  cover  crops.  We  must  recognize,  however, 
that  there  may  be  local  conditions  under  which  this  statement  would 
have  to  be  modified,  especially  in  the  case  of  orchards  in  sod  or  on 
less  fertile  soil. 

These  experiments  are  being  continued,  and  an  endeavor  will 
be  made  to  render  them  still  more  comprehensive. 

The  perennial  question  of  agriculturdl  lime. —  Considerable  work 
has  been  done  on  this  question  in  the  past.  The  subject  matter  in 
Bulletin  No.  478  comprises  a  brief  swnmary  of  the  main  points  to 
be  remembered  in  the  use  of  liming  materials.  Former  bulletins 
can  be  consulted  for  more  detailed  information.  The  main  object 
of  the  present  bulletin  is  to  make  it  easier  for  the  farmer  to  secure 
these  materiab  at  the  least  cost.    The  bulletin  contains  an  exten- 
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sive  and  quite  exliaufitiye  list  of  the  manuf acturera  of  agricultural 
Ume  in  the  State  and  also  near  the  borders. 

The  extensive  and  increasing  use  of  lime  on  land,  together  with 
the  fact  that  transportation  is  a  large  factor  in  lime  cost,  make  it 
very  desirable  that  the  farmer  keep  in  touch  with  all  sources  of  supply. 

DIVISION  OP  ANIMAL  INDU8TBT 

t^Some  studies  relaHng  to  catdum  metabolism. —  Of  the  mineral 
elements  serving  in  the  bodies  of  all  farm  animn,1a  (as  well  as  of  man) 
calcium  is  fotmd  in  largest  amotmt.  From  the  feeder's  standpoint, 
also,  it  is  one  of  the  most  important  to  consider  because,  under 
modem  conditions,  many  rations  fail  to  supply  enough  of  this  ele- 
ment. Most  grain  foods  and  some  other  foods,  including  many 
by-products,  are  deficient  in  calcium  and  contain  much  more  magne- 
aum  than  calcium,  altho  more  calcium  is  required  by  the  body. 

Much  calcium  is  required  by  the  animal  while  its  bones  ^re  harden- 
ing and  by  those  mammalfl  giving  milk.  During  extended  egg 
production  by  birds  a  large  amount  is  needed.  The  obvious  and 
somewhat  exceptional  demands  for  calciiun  by  domesticated  fowls 
while  laying  make  them  good  subjects  for  certain  studies  relating 
to  its  metab9lism. 

:  The  special  physiological  activities  observed  for  one  class  of 
animals  cannot  be  attributable  in  all  particulars  without  quali- 
fications to  another  class,  but  in  a  general  way  a  knowledge  of  the 
influence  of  certain  factors  profoundly  affecting  the  life  of  one  warm 
blooded  vertebrate  may  be  used  to  help  to  an  understanding  of  the 
needs  of  certain  others. 

Besides  the  special  duties  of  the  base-forming  elements  in  the  body, 
they  all  serve  their  part  in  maintaining  neutrality  wherever  neces- 
sary. In  this  direction,  magnesiimi,  which  is  nearest  to  calcium 
chemically  of  any  recognized  element  of  the  body  or  its  food,  works 
with  calcium  to  a  certain  extent,  altho  in  some  important  functions 
their  action  is  antagonistic.  But  in  the  bony  framework,  in  so 
far  as  it  serves  for  mechanical  support,  and  in  the  shells  of  birds' 
eggs,  both  structiues  having  the  two  elements  as  normal  constit- 
uents, it  would  seem  that  magnesium,  much  more  abundantly 
supplied  by  many  foods,  might  serve  to  a  limited  degree  in  place 
of  lacking  caldimi.    That  it  does  this  to  an  extent  that  can  be 
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considered  important  or  more  ihsji  incidental  or  accidental  we 
have  failed  to  find. 

On  the  other  hand  strontiimi  was  found  capable  of  replacing 
calcium  to  a  considerable  extent  in  the  egg  shcdl  and  in  bones  as 
well  as  of  accompan3dng  or  replacing  calcium  elsewhere  in  the  body, 
altho  it  is  not  a  recognized  normal  constituent  of  the  body  nor  of 
ordinary  foods. 

Whenever  rations  deficient  in  calcium  but  carrying  abundant 
supplies  of  magnesium  were  fed  to  the  common  fowl  and  the  duck, 
there  soon  followed  a  noticeable  shortage  of  calcium  and  of  total 
mineral  matter  in  the  bones.  With  mature  birds,  whenever  cal- 
cium was  withdrawn  from  the  skeleton  it  was  usually  taken  in  larger 
proportion  from  the  softer  bones. 

With  the  duck,  young  and  old,  a  fowl  which  seems  better  able  to 
adapt  itself  to  an  excess  of  magnesium  when  only  a  very  low  indis- 
pensable minimum  of  calcium  is  present,  the  relations  between 
the  two  classes  of  bones  in  respect  to  changes  in  composition  did 
not  hold  always  as  with  the  conmion  fowl.  Where  strontium  replaced 
calcium  in  the  bones,  however,  in  every  instance  with  both  repre- 
sentative species,  except  in  the  earlier  stages  of  feeding  with  immatinre 
birds,  the  ratio  of  strontium  replacement  was  higher  in  the  softer 
bones. 

When  strontimn  salts  were  fed  for  several  weeks  or  several  months 
with  low  calciimi  rations,  mature  hens  or  nearly  mature  chicks  always 
had  heavier  bones  with  more  mineral  matter  in  them,  actually  and 
in  relation  to  body  weight,  than  did  similar  birds  fed  corresponding 
calcium  or  magnesiiun  salts.  There  was  a  similar  result  when 
mature  ducks  were  fed  such  rations  for  a  limited  time,  but  not  with 
inmiature  ducks  or  young  ducklings  or  very  immature  chicks. 

Under  the  unusual  rations,  of  necessity  largely  used  in  such  a 
study,  the  common  fowl,  on  the  whole,  was  much  better  able  to 
endure  the  feeding  of  strontium  salts  than  was  the  duck.  On  the 
other  hand,  the  duck  in  these  feeding  trials  showed  greater  tolerance 
for  the  excess  of  magnesium  in  rations  of  low  calcimn  content  than 
did  the  common  fowl.  The  ability  to  save  or  to  increase  the  stores 
of  fat  in  the  body  under  the  unusual  rations  appeared  to  be  con- 
siderably different  for  the  two  representative  species. 

Under  the  rations  fed,  the  larger  part  of  the  calcium  and  of  the 
total  mineral  matter  used  for  egg  production  came  sometimes  from 
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the  bones  and  sometimes  directly  and  indirectly  from  the  mineral 

salts  fed. 

The  experiments  which  supplied  the  data  above  summarized  were 

made  at  different  times  during  a  number  of  years  as  opportunity 

permitted,  and  have  been  reported  in  Bulletin  No.  468  of  this 

Station. 

division  of  bactebioloot  and  daibtinq 

Physiological  studies  on  milk  secretion, —  Technical  Bulletin  No. 
80,  on  The  Reaction  of  Milk  in  Relation  to  the  Presence  of  Blood 
Cells  and  of  Specific  Bacterial  Infections  of  the  Udder,  was  pub* 
lished  during  the  year  in  cooperation  with  the  Division  of  Chemistry. 
In  this  bulletin  the  biological  and  histological  data  have  been 
examined  that  have  a  bearing  on  the  theory  that  the  reduced  H-ion 
concentration  observed  in  fresh  milk  drawn  from  udders  infected 
with  long  chain  streptococci  is  caused  by  the  entrance  of  blood 
serum  into  the  milk  during  secretion.  From  the  new  data  it  appears 
that  a  more  exact  statement  of  the  case  would  be  that  the  bacterial 
infection  causes  the  entrance  of  a  serous  exudate  derived  indirectly 
from  the  blood.  This  serous  exudate  is  neither  exactly  like  blood 
serum  nor  milk,  but  has  a  reduced  H-ion  concentration  due  to  the 
predominance  in  it  of  the  alkaline  substances  of  the  blood.  With 
this  serous  exudate,  there  enter  increased  numbers  of  leucocytes 
and  there  is  evidence  also  of  increased  wastage  from  the  epithelial 
lining  of  the  alveoli  of  the  udder. 

Laboratory  methods  for  deiermintng  the  sanitary  quality  of  milk, — 
The  final  report  of  the  cooperative  analytical  studies  made  with  the 
Department  of  Dairy  Industry  of  the  CoU^e  of  Agriculture  at  Cor- 
nell has  appeared  during  the  year  as  Technical  Bulletin  No.  75 
entitled  The  Accuracy  of  Bacterial  Counts  from  Milk  Samples. 
Aid  has  also  been  given  in  the  preparation  of  the  third  edition  of 
the  Standard  Methods  for  the  Sanitary  Anal3n3is  of  Milk  which  was 
adopted  by  the  American  Public  Health  Association  during  the 
year.  The  year  has  seen  a  rapidly  increasing  use  of  the  micro- 
scopic examination  of  milk  as  a  means  of  determining  the  sanitary 
quality  of  fresh  milk  as  delivered  at  the  milk  shipping  and  pasteur- 
izing plants  of  the  State. 

Milking  machine  studies, —  A  report  on  results  obtained  by  dairy 
farmers  in  producing  sanitary  milk  where  milking  machines  have 
been  used,  has  been  published  as  Bulletin  No.  472  on  The  Ptoduo- 
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tion  of  High  Grade  Milk  with  Milking  Machines  Under  Farm 
Conditions.  In  this  it  is  concluded  that,  altho  the  average  dairy 
farmer  is  at  the  present  time  failing  to  keep  his  milking  machines 
bacteriologically  clean,  methods  are  now  known  whereby  it  is  easily 
possible  for  him  to  do  so  r^ardless  of  the  type  of  machine  in  use. 
In  comparing  the  bacterial  count  of  over  16,000  samples  of  hand- 
drawn  milk  as  brought  into  the  Geneva  city  markets  with  the 
bacterial  coimt  of  over  5,000  samples  of  machine-drawn  milk  it  was 
found  that  the  machine-drawn  milk  was  received  in  much  poorer 
condition.  However,  when  two  of  the  farms  using  machines  were 
visited  and  the  cleaning  and  operation  of  the  milking  machines  done 
by  a  member  of  the  Station  staff,  no  difficulty  was  experienced  in 
producing  milk  with  a  sufficiently  low  count  to  meet  the  standards  for 
a  grade  A  raw  milk,  i.  e.  official  count  less  than  60,000  bacteria  per  cc. 

Quality  of  miJk  received  at  cheese  factories. —  Studies  have  been  made 
during  the  summer  on  the  relation  between  the  quality  of  patrons' 
milk  at  cheese  factories  and  the  quality  of  the  cheese  produced. 
A  preliminary  report  discussing  the  relation  or  lack  of  relation 
between  the  number  of  bacteria  in  cheese  factory  milk  and  the  quality 
and  3deld  of  the  cheese  is  in  preparation.  Other  studies  on  the 
influence  of  specific  types  of  bacteria  on  the  quality  of  cheese  are 
in  progress. 

Control  of  city  miUc  supplies. —  Cooperation  with  the  city  of  Geneva 
in  the  control  of  the  city  milk  supply  has  been  continued  dxu"ing  the 
year.  The  object  of  the  work  is  to  find  methods  of  controlling  the 
quality  of  milk  brought  to  the  city  that  are  effective  and  yet  fair 
and  just  to  the  dairymen.  Six  years  of  records  are  now  available 
from  which  to  estimate  the  value  of  the  work.  A  report  on  these  is 
in  preparation. 

Pure  culture  studies  of  bacteria. —  In  many  lines  of  bacteriological 
investigation  it  is  necessary  to  make  detailed  studies  of  the  individual 
kinds  of  bacteria  in  pure  culture.  This  is  necessarily  laborious  work 
which  must  often  be  continued  for  years  before  yielding  results  of 
value,  and  the  difficulties  are  greatly  increased  by  the  lack  of  uni- 
formity in  the  methods  used  by  different  bacteriologists.  The 
Society  of  American  Bacteriologists  has  for  some  time  been  working 
to  obtain  uniform  methods  of  pure  culture  study  and  of  descriptions 
of  the  bacteria,  and  for  several  years  the  Station  has  been  cooperating 
in  this  work.    One  of  the  methods  adopted  to  secure  uniformity  has 
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been  thru  the  use  of  a  printed  chart  for  recording  the  characteris- 
tics of  the  organisms.  During  the  past  year  this  descriptive  chart 
of  the  Society  has  been  materially  revised,  largely  on  ihe  basis  of 
work  done  at  this  Station.  It  will  soon  be  available  and  its  use  is 
expected  to  simplify  certain  investigations  now  imder  way.  A  fur- 
ther result  of  the  cooperation  with  the  Society  has  been  a  paper  on 
Methods  of  Pure  Qulture  Study,  a  revised  report  of  the  Committee 
on  Bacteriological  Technic,  drawn  up  under  the  chairmanship  of  a 
member  of  the  department. 

Decomposition  of  manure. —  The  work  previously  reported  on 
the  ammonification  of  manure  in  soil  (Technical  Bulletin  No.  67) 
IB  being  followed  up  by  a  study  of  the  decomposition  of  manure 
under  conditions  similar  to  those  which  occur  in  the  manure  pile. 
Different  litters  such  as  peat  and  straw  and  preservatives  such  as 
acid  phosphate  and  gypsum  are  being  studied  as  to  their  effects 
on  the  rate  of  decomposition,  loss  of  nitrogen,  and  fertilizing  value 
of  the  manure  as  judged  by  v^etation  tests.  This  work  is  being 
done  in  cooperation  with  the  Division  of  Agronomy. 

Testing  glassware. — The  total  number  of  bottles  examined  and 
marked  under  the  law  requiring  Babcock  glass  graduation  to  be 
tested  is  given  below. 

TiBTINO  OF  BaBCOGX  GjJlBSWAMM  raOM  DlGBMBKB  1,  1919  TO  DBCIlfBXB  1,  1920 

10  per  cent  milk  bottlM 10,946 

8  per  cent  milk  bottle0 15,955 

30  per  cent  6-inch,  18-fpram  cream 514 

30  per  cent  9-inch,  IS-^ram  cream 744 

40  per  cent  9-inch,  IS-gram  cream 136 

50  per  cent  9-inch,  18-0ram  cream 1,107 

50  per  cent  6-inch,  9-gnun  cream 2,970 

50  per  cent  9-inch,  9-gram  cream 324 

60  per  cent  &4nch,  9-gram  cream 718 

17.6  cc.  pipettes 4,483 

18  cc  pipettes 99 

17.6  cc.  up-to-date  pipettes 95 

17.6  cc.  and  18  cc.  pipettes 31 

8.8  cc.  pipettes 25 

9  cc.  pipettes 494 

25  cc.  pipettes 12 

Add  measures _    302 

Acid  bottles ^       4 

Skim-milk  bottles ^    290 

39,249 


:b 


EejectaonB 452 

Eiqvess  packages 579 


16  Director's  Report  of  the 

division  of  biochemistry 

A  study  of  inosite  phosphoric  adds. —  In  Technical  Bulletin 
No.  79  are  described  experiments  which  were  made  in  efforts  to 
synthesize  phytic  acid  or  inosite  hexaphosphoric .  acid.  Inosite 
hexaphosphoric  acid  could  not  be  obtained  but  a  new  inosite  phos- 
phoric acid  oompoimd  corresponding  to  the  formula  CsHuOuPi 
was  produced.  The  organic  phosphorus  compoimd  of  wheat  bran 
was  again  investigated.  After  carefully  purifying  the  substance 
crystalline  barium  salts  were  obtained  corresponding  to  the  formula 
QHisOsfPeBa^.  A  neutral  silver  salt  having  the  composition  repre- 
sented by  the  formula  CeHeOMPsAgit  was  also  prepared.  It  is 
evident,  therefore,  that  the  composition  of  the  natural  phytic  acid 
Is  best  represented  by  the  formula  of  inosite  hexaphosphoric  acid, 
CsHigOiiPe. 

DIVISION  OF  BOTANY 

The  spacing  of  potato  plarUs, —  The  experiments  on  the  spacing  of 
potato  plants,  which  have  been  conducted  at  Geneva  during  five 
seasons,  have  been  buought  to  a  close  and  the  residts  published  in 
Bulletin  No.  474.  The  chief  purpose  of  these  experiments  was  to 
determine  the  feasibility  of  employing  close  planting  in  the  pro- 
duction of  seed  potatoes  as  a  means  of  improving  the  quality  of  the 
crop  thru  a  reduction  in  the  average  size  of  the  tubers. 

The  experiments  consisted  chiefly  of  a  comparison  of  6-  by  36-inch 
planting  with  15-  by  36-inch  planting.  Rows  of  thick  and  thin 
planting  were  alternated.  The  varieties  used  were  Sir  Walter 
Raleigh  and  Enormous  ^o.  9.  The  soil  was  heavy  clay  loam  of 
medium  fertility.  At  harvest  time  the  product  of  each  row  was 
sorted,  according  to  weight,  into  four  grades  and  the  tubers  of  each 
grade  weighed  and  counted. 

The  difference  in  net  yield  (total  yield  minus  seed)  of  tubers  over 
1  ounce  in  weight  varied,  in  different  seasons,  from  24.9  to  46.6 
bushels  per  acre,  and  averaged  34.7  bushels  per  acre,  in  favor  of 
thick  planting.  Over  one-half  of  this  difference  (18.7  bushels) 
consisted  of  tubers  over  2  ounces  in  weight.  The  average  weight 
of  tubers  over  2  ounces  in  weight  was  reduced  from  10.5  to  22.8 
per  cent  by  thick  planting.  For  table  use,  the  size  of  the  tubers  of 
the  crop  from  thick  planting  was  superior  to  that  from  thin  planting 
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in  two  seasons,  but  in  the  oilier  three  seasons  the  tubers  from  thm 
planting  were  the  better  in  this  respect. 

The  results  of  the  experiments  appear  to  warrant  the  following 
conclusions:  In  the  production  of  seed  potatoes  of  varieties  of 
the  Rural  group,  New  York  growers  may  well  consider  planting 
considerably  closer  than  15  by  36  inches,  since,  thereby,  the  net 
yield  is  likely  to  be  increased  and  the  quality  of  the  crop  improved, 
particularly  on  rich  soil.  In  the  home  seed-plat  the  spacing  in  the 
row  should  be  as  close  as  is  consistent  with  roguing;  but  if  the  crop 
is  to  be  sold  the  difficulty  in  disposing  of  the  small  tubers  may  neces- 
sitate somewhat  thinner  planting,  except  on  rich  soil^  Potatoes 
grown  in  rich  garden  soil,  for  table  use,  may  be  planted  as  close  as 
6  by  30  inches  with  advantage. 

f^  Seed  testing. —  During  the  first  half  of  the  year  the  Seed  Analyst  of 
the  Station  made  purity  tests  of  642  samples  of  seeds  of  which  267 
were  official  and  375  unoffiical. 

The  new  State  seed  law  which  went  into  effect  July  1  requires 
that  all  agricultmal  seeds  sold  within  the  State  shall  be  labeled  in 
such  manner  as  to  show  their  piuity  and  viability.  The  law  applies 
to  all  of  the  connnon  farm-crop  seeds  when  sold  in  quantities  of  10 
pounds  or  more  for  seeding  purposes  whether  in  bulk,  packages, 
bags,  or  other  containers.  In  the  case  of  special  mixtures,  such  as 
lawn  mixtures,  quantities  8  ounces  or  over  in  weight  must  be  labeled. 
The  Station  will  continue  to  make  free  seed  tests,  under  certain  con- 
ditions, for  the  information  of  farmers;  but  for  all  tests  the  results 
of  which  are  to  be  used  for  declarations  of  sale,  a  fee  will  be  charged. 
Persons  desiring  information  concerning  the  provisions  of  the  new 
seed  law  and  the  rules  governing  the  testihg  of  seeds  should  apply 
for  Bulletm  No.  476. 

Under  the  new  law  144  purity  tests  and  .480  germination  tests  were 
made  between  July  1,  1920,  and  January  1,  1921. 

DIVISION  OF   CHBMISTBT 

The  carbon  dioxide  content  as  a  basis  for  distinguishing  heaied  from 
unheated  milk. —  A  study  of  the  GOs  content  under  conditions  to' 
which  milk  is  subjected  in  the  usual  methods  of  handling  shows  that 
the  COft  content  is  not  appreciably  affected  by  tiie  method  of  milk- 
ing, hand  or  machine;  that  the  CO^  content  of  milk  rarely  drops 
bdow  3  per  cent  by  volume,  when  milk  stands  under  ordinary 
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conditioiis,  even  for  periods  of  from  20  to  40  hours;  that  the  COi 
content  is  not  appreciably  changed  by  paasing  thru  a  separator, 
and  that  only  extreme  and  prolonged  stirring  reduces  the  COi 
content  below  3  per  cent;  that  heating  milk  under  the  conditions 
required  for  pasteurisation  reduces  the  CQi  content  to,  and  usually 
below,  2.5  per  cent  by  volume.  Therefore,  it  is  believed  that  when 
the  percentage  of  CX)s  by  volume  is  not  more  than  2.5  per  cent,  it 
is  safe,  in  general,  to  assume  that  the  milk  has  been  heated  to  the 
temperature  of  pasteurisation.  The  studies  are  described  in  Tech- 
nical Bulletin  No.  78. 

Inspection  of  commercial  fertUisserSf  19t0. —  The  total  number  of 
commercial  fertilizers  analyzed  was  677,  distributed  as  follows: 
351  samples  of  complete  fertilizers;  110  samples  containing  nitrogen 
and  phosphoric  acid;  58  samples  containing  phosphoric  add  and 
potash;  72  samples  of  acid  phosphate;  10  samples  of  bone;  8  samples 
of  tankage;  15  samples  of  nitrate  of  soda;  7  samples  of  potash  salts; 
7  lime  compounds;  15  samples  of  dried  animal  manures,  mostly 
sheep;  and  6  miscellaneous  samples.  The  results  of  the  analyses 
are  reported  in  Bulletin  No.  480. 

Inspection  of  insecticides  and  fungicides,  19180. —  The  total  number 
of  samples  analyzed  was  105,  distributed  as  follows:  10  samples 
of  paris  green;  46  samples  of  lead  arsenate;  0  samples  of  calcium 
arsenate;  18  samples  of  bordeaux  mixture;  5  samples  of  bordeaux- 
paris  green  mixtures;  18  samples  of  bordeaux-lead  arsenate  mix- 
tures; 13  samples  of  lime-sulphur  solution;  6  samples  of  dry  lime- 
sulphur  preparations;  0  samples  of  nicotine  preparations;  7  samples 
of  soap;  6  samples  of  hellebore;  and  30  miscellaneous  samples. 
The  r^ults  of  the  analyses  are  reported  in  Bulletin  No.  481. 

Inspection  of  feeding  stuffs,  1919. — ^The  total  number  of  samples  of 
feeding  stu£Fs  analyzed  was  1610,  distributed  as  follows:  27  samples 
of  alfalfa  meal;  76  samples  of  aninud  products;  42  samples  of  barley 
by-products;  11  samples  of  brewers'  dried  grains;  22  samples  of  buck- 
wheat by-products;  33  samples  of  calf  meal  and  pig  meal;  6  samples 
of  cocoanut  meal;  376  samples  of  compounded  feeds;  262  samples  of 
compounded  feeds  containing  molasses;  23  samples  of  com  gluten 
feed  and  meal;  48  samples  of  com  meal  and  com  feed  meal;  12 
samples  of  com,  oats,  and  oat  by-products;  100  samples  of  cotton- 
seed feed  and  meal;  7  samples  of  distillers'  dried  grains;  5  samples 
of  dried  beet  pulp;  58  samples  of  hominy  feed  and  meal;  28  samples 
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of  linseed  meal;  4  Bamplee  of  malt  sprouts;  16  miscellaneous  samples; 
7  samples  of  feeding  molasses;  15  samples  of  oats  and  oat  by- 
products; 4  samples  of  peanut  feed;  174  samples  of  poultry  feeds; 
17  samples  of  rye  products;  11  samples  of  wheAt  and  com  products; 
6  samples  of  wheat  and  rye  products;  88  samples  of  wheat  bran; 
35  aamples  of  wheat  bran  and  middlings;  3  samples  of  wheat  bran 
and  low-grade  wheat  flour;  85  samples  of  wheat  middlings;  5  samples 
of  wheat  middlings  and  low-grade  flour;  4  samples  of  dried  yeast 
grains.  The  results  of  the  analyses  are  reported  in  Bulletin  No.  469. 
Inspection  of  feeding  siuffs^  19S0. — •The  total  number  of  samples 
of  feeding  stuffs  analyzed  was  871,  distributed  as* follows:  13  samples 
of  alfalfa  meals;  53  samples  of  animal  products;  7  samples  of  buck- 
wheat by-products;  21  samples 'of  calf  meal  and  pig  meal;  5  samples 
of  cocoanut  meals;  203  samples  of  compounded  feeds;  104  samples 
of  compounded  feeds  containing  molasses;  28  samples  of  com  gluten 
feeds  and  meals;  17  samples  of  com  meal  and  com  feed  meal;  5 
samples  of  com,  oats,  and  oat  by-products;  42  samples  of  cotton- 
seed feeds  and  meals;  5  samples  of  dried  beet  pulp;  30  samples  of 
hominy  feeds  and  meals;  23  samples  of  linseed  meals;  20  samples 
of  miscellaneous  materials;  5  samples  of  oats  and  oat  by-products; 
114  samples  of  poultry  feeds;  7  samples  of  rye  products;  7  samples 
of  wheat  and  rye  products;  51  samples  of  wheat  bran;  27  samples 
of  wheat  bran  and  middlings;  2  samples  of  wheat  bran  and  low- 
grade  wheat  flour;  9  samples  of  wheat  bran,  wheat  middlings,  and 
low-grade  flour;  64  samples  of  wheat  middlings;  and  9  samples  of 
wheat  middlings  ahd  low-grade  flour.  The  results  of  the  analyses 
are  reported  in  Bulletin  No.  482. 

DITIBION  OF  ENTOHOLOOT 

The  leafhopper  as  a  potato  pest. —  The  leafhopper  (Empoasoa  mali 
Le  Baron)  has  derived  its  reputation  as  a  destructive  agent  chiefly 
from  its  injurious  activities  on  yoimg  apple  trees.  Recently  it 
has  been  the  subject  of  special  study  with  r^ard  to  its  economy 
as  a  potato  pest.  The  facts  reported  in  Technical  Bulletin  No.  77 
have  established  an  important  injurious  relationship  to  potato  cul- 
ture in  New  York. 

Migration  of  over-wintering  leafhoppers  to  potato  plantings  began 
during  early  June,  and  the  vines  were  sought  for  piuposes  of  ovi- 
poeition  as  soon  as  they  appeared  above  the  ground.    Sggs  were 
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deposited  largely  in  the  young  tender  leavee  near  the  growing  tips 
of  the  plants  and  ovipoeition  continued  until  the  plants  were  killed 
by  frosts  during  eariy  October.  With  the  hatching  of  the  nsonphs 
all  stages  of  the  pest  w&n  present  on  the  vines  during  the  growing 
period. 

In  cage  and  field  experiments  feeding  by  the  insects  produced 
small,  brownish  areas  of  one-fourth  inch  or  more  in  width  at  the  tips 
and  occasionally  on  the  margins  of  the  leaflets.  The  injury  became 
more  conspicuous  as  the  season  advanced,  the  brownish  or  burned 
areas  increasing  both  in  extent  and  nimibers.  As  tissues  became 
desiccated  the  margins  rolled  over  the  upper  surface,  leaving  a  small 
narrow  green  area  in  the  central  portion  of  the  leaflet. 

The  disorder  attained  its  greatest  intensity  during  August.  At 
this  period  nymphs  and  adults  of  the  second  generation  of  the 
leafhopper  became  increasingly  abundant  and  intermingled  with 
them  were  individuals  of  the  different  stages  of  the  first  generation. 
Feeding  by  both  nymphs  and  adults  was  attended  with  injuries  to 
leaf  structures. 

Insect  injuries  in  relation  to  apple  grading. —  In  the  practice  of 
grading  fruit  according  to  the  provisions  of  the  New  York  Apple 
Grading  Law  the  attention  of  the  fruitgrower  has  quite  naturally 
been  called  to  the  great  variety  and  diverse  character  of  the  insect 
injuries  appearing  on  the  fruit  at  picking  time.    This  has  led  to  an 
unusual  number  of  demands  on  the  Station  for  information  in  regard 
to  the  agents  responsible  for  blemishes  on  the  mature  apples.     The 
orchardist  can  readily  see  the  value  of  greater  knowledge  on  his 
part  concerning  the  distinguishing  marks  of  the  various  insect 
injuries  which  are,  in  many  oases,  quite  characteristic  and  often 
more  conspicuous  than  the  insect  itself.    When  he  has  once  learned 
to  recognize  the  various  defects  he  can  easily  tell  which  insects  are 
least  under  control  in  his  orchard  and  can  modify  his  spraying 
practices  accordingly . 

In  Bulletin  No.  475  the  species  of  insects  that  attack  apple  fruits 
are  described  and  grouped  according  to  the  injuries  they  produce. 

A  key  for  the  identification  of  the  different  species  is  included  and 
permits  ready  recognition  of  both  insects  and  typical  malformations. 

Certain  a^iects  of  the  subject  which  have  received  special  oon- 
sideration  are  activities  of  insects  on  fruit  after  harvest,  effect  of 
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insect  injuries  on  yield,  and  defects  of  apples  which  may  be  confused 
with  insect  injuries. 

Methods  for  combating  the  individual  insects  are  indicated.  In 
the  main,  the  destructive  agents  are  efficiently  and  economically 
treated  by  a  routine  system  of  sprasong  for  which  directions  are 
given. 

DIVISION  OF  H0BTICX7I/FUQB 

Studies  on  the  cost  of  producing  grapes, —  Information  has  been 
accumulated  in  Bulletin  No.  479  r^arduig  the  cost  of  producing 
grapes  in  three  widely  separated  vineyards  of  the  Chautauqua  and 
Lake  E2rie  fruit  belt  for  the  period  of  1915  to  1919,  inclusive. 

Data  are  presented  which  show  the  amoimts  expended  for  mainte- 
nance, labor,  and  harvestiog  for  each  vineyard  as  well  as  for  each 
acre  cultivated  and  for  each  ton  of  grapes  produced.  The  *net 
return  per  acre  and  per  ton  is  estimated  for  each  year  of  the. 
investigation. 

The  average  cost  of  production  for  the  three  vineyards  during  the 
five  years  was  $74.13  per  acre,  and  the  average  cost  per  ton  of  grap€» 
was  $40.58. 

The  average  net  profit  per  acre  was  found  to  be  $66.64.  and  the 
average  profit  per  ton  $26.31. 

It  is  concluded  that  under  intensive  management  the  growing  of 
grapes  in  this  region  can  be  made  profitable,  in  spite  of  the  high 
cost  of  labor  and  supplies,  providing  the  selling  price  of  the  crop 
is  maintained  at  or  near  the  level  of  the  1918  and  1919  seasons. 

Asexual  inheritance  in  the  violet. —  In  the  improvement  of  fruit 
varieties  the  question  of  fixity  of  type  in  asexual  propagation  is  of 
very  considerable  importance.  The  use  of  any  of  the  tree  fruits 
in  a  study  of  this  problem  would  obviously  extend  the  experiment  far 
past  the  activity  of  a  single  investigator.  In  order  to  hasten  work 
on  this  question  the  double  violet,  Marie  Louise,  which  is  propagated 
asexually,  was  used  in  a  study  of  the  effect  of  selection  upon  the 
length  of  blossom  stem.  Observations  were  also  made  of  the  inheri- 
tance of  high  and  low  yield.  The  investigation  is  described  in 
Techni<jal  Bulletin  No.  76. 

At  the  end  of  five  years  it  was  found  that:  The  process  of  selec- 
tion has  really  been  one  of  isolation  whereby  certain  clonal  lines 
have  been  selected  out  of  a  miscellaneous  population.    We  seemingly 
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have  proved  only  the  existence  of  aseiraally  inherited  differenoeB 
which  probably  were  present  before  the  experiment  was  begun. 
No  attempt  has  been  made  to  find  when  or  how  such  differences 
arose. 

Tho  the  existence  of  such  differences  in  the  violet  makes  it  seem 
more  probable  that  there  may  be  differences  within  a  single  variety 
of  any  fruit,  the  labor  and  the  technical  difficulties  involved  render 
it  inadvisable  for  a  nurseryman  to  attempt  to  find  beneficial  varia- 
tions among  fruits  by  bud  selection. 
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SOIL  STUDIES  ♦ 

W.  H.  JORDANf 

SUMMARY 
RESULTS  WITH  FERTDLIZBRS  ON  NHfB  SOILS 

1.  Ei^riments  have  been  conducted  tinder  forcing  house  con- 
ditions with  nine  soils,  taken  from  as  many  localities  in  the  State. 

2.  Peaty  stable  manure,  and  commercial  fertilizers  were  applied 
to  these  soils  in  varying  proportions,  each  soil  receiving  the  same 
treatment 

3.  The  production  with  commercial  fertilizers  was  much  larger 
tiian  with  stable  manure  containing  the  same  quantities  of  nitrogeui 
phosphorusi  and  potassium  as  the  commercial  mixture. 

4.  The  yields  of  dry  substance  increased  with  increasing  appli- 
cations of  fertilizers,  but  not  in  the  same  proportion. 

5.  The  application  of  lime  with  stable  manure  caused  a  very 
irregular  effect  in  the  growth  of  the  barley  plant.  In  four  soils,  the 
increased  growth  over  stable  manure  alone  was  large;  with  three, 
there  was  a  manifest  advantage ;  and  with  two,  there  was  an  apparent 
injury.  

RESULTS  WITH  FSRTILIZSRS  ON  TWO  SOILS 

6.  Commercial  fertilizers  were  applied  in  different  combinations 
and  in  unlike  quantities  to  two  soils,  one  a  highly  productive  soil 
from  the  Station  farm,  and  one  a  soil  from  a  region  known  as  Pine 
Plains,  regarded  as  inferior  for  crop  production,  each  soil  receiving 
similar  treatment  in  all  respects. 

7.  Under  forcing  house  conditions,  the  Pine  Plains  soil  produced 
larger  crops  than  the  soil  from  the  Station  farm. 

8.  The  production  of  barley  dry  substance  increased  with  the 
increased  application  of  fertilizers,  but  not  proportionately. 

^  Beprint  of  Bulletin  No.  473,  March,  1020. 

t  The  chemical  analyeeB  required  for  the  data  given  in  Bulletins  465  and  473  were 
perfonned  by  E.  B.  Hart,  E.  L.  Baker,  and  M.  P.  Sweeney,  to  whom  acknowledg- 
ments are  hmby  made. 
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9.  Nitrogen  was  the  cnily  ingredient  of  the  commercial  fertOizers 
which  had  any  marked  influence  nposL  the  growth  of  the  barley 
plant.  Under  forcmg  house  conditions,  the  soils  appeared  to  supply 
sufficient  quantities  of  phosphorus  and  potassium  for  luxuriant 
growth* 

A  STUDY  OP  WATER  SOLUBLES 

10.  A  study  was  made  of  the  influence  of  commercial  fertilizers 
and  plant  growth  upon  the  water  solubles  in  the  eleven  soils  used  in 
these  experiments. 

11.  When  scduble  commercial  fertHlKets  were  added  to  these 
soils  it  was  found  that  in  most  instances  where  the  soils  did  not 
support  plant  growth,  the  proporticmy  especially  of  nitrogen  and 
potassium  water  solubles,  was  greatly  increased  and  was  main- 
tained on  essentially  the  same  level  during  a  period  of  several 
months. 

12.  With  the  nine  soils,  the  proportions  of  water  solubles  after 
the  production  of  two  crops  were  greatly  less  than  in  the  soil  before 
the  plants  were  grown. 

13.  ^th  the  Station  soil  and  the  Pine  Plains  soil,  the  plant 
growth,  even  in  the  earlier  stages,  caused  a  marked  diminution  of 
water  solubles. 

14.  Before  the  plants  had  completed  their  growth,  the  water 
solubles  were  practically  reduced  to  a  level  which  was  maintained 
during  the  further  growth. 

INTRODUCTION 

The  soil  and  its  relation  to  plant  production  present  what  are 
perhaps  the  most  complex  and  many-sided  problems  of  any  with  which 
agricultural  science  has  to  deal.  These  problems  must  be  approached 
from  many  angles,  including  those  with  which  the  biologist,  the 
chemist,  and  the  ph3rsicist  have  to  deal.  As  seems  to  be  indicated 
by  the  data  presented  in  Bulletin  No.  424,  we  are  not  yet  able  to 
measure  the  fertility  of  any  given  soil  through  chemical  methods. 
It  is  desirable,  however,  to  learn  as  much  as  possible  concerning 
the  reactions  upon  the  soil  of  the  addition  of  commercial  fertilizers 
and  the  effect  of  plant  growth  upon  the  soil  status. 

In  an  effort  to  add  something  of  a  contribution  to  the  conditions 
related  to  plant  growth,  there  has  been  made  during  a  series  of  years 
a  study  of  the  following  questions: 
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1.  The  influence  of  diemical  feitilizfttB  upon  the  productiveness 
of  sevei^  types  of  soil. 

2.  The  e£Fect  that  the  appfication  of  dMmical  fertilizers  has  upon 
the  soQ  content  of  compounds  soluble  in  certain  media. 

3.  The  influence  of  idant  growth  upon  the  soil  content  of  com- 
pounds soluble  in  certain  media. 

As  a  means  of  studying  these  questions,  the  following  projects 
were  undertaken: 

1.  Forcing  house  vegetation  experiments  with  nine  different  types 
of  soil  to  ^^ch  were  added  chemical  fertifia^rs  in  varying  amounts. 
These  experiments  were  continued  thru  two  seasons,  using  the  same 
scils  and  the  same  portions  of  each  soU. 

2.  Forcing  house  vegetation  experiments  with  two  soilS;  receiving 
these  chemical  fertilisers  in  diffeirent  oomUnations  and  different 
amounts. 

3.  The  determination  of  water  solubles  in  nine  different  soils 
to  which  chemical  fertilizers  have  been  aj^lied  in  different  amotmts. 

4.  The  determination  of  the  soluble  content  of  the  same  soils 
after  the  growth  of  a  crop  of  baiiey. 

5.  A  study  of  the  effect  of  plant  growth  thru  a  series  of  exami- 
nations of  the  water  soluble  content  of  two  soils  on  which  no  plants 
were  grown  and  of  the  several  soils  from  which  barley  was  harvested 
at  various  stages  of  growth. 

PRODUCTION  EXPERIMENTS 
Mbthods  and  Results  with  Nine  Soius 

The  aoUs. —  The  nine  soils  used  in  this  experiment  were  those 
described  in  Bulletin  No.  424,  and  for  the  sake  of  convenience  the 
descriptions  are  repeated  here:  _ 

No.  1894, —  A  brown  or  yeUow  aiDdy  loam,  mx  to  ten  incheB  deep,  resting  on  yellow 
or  gray  sandy  bam  and  graveL  It  oontaina  flat  shale  and  a  few  glacial  erratics. 
It  is  <rf>  glacial  origin.  It  is  a  good  soil  for  com,  eats,  and  potatoes.  It  is  found  in 
Chautauqua  and  Tompkins  counties.  The  sample  wae  ooUected  on  the  farm  of 
D.  H.  Hopkins,  four  miles  northwest  of  Ithaoa,  N.  Y.  The  field  was  com  stubble, 
fcrtiliaed  the  jirevtoas  year  with  fifteen  loads  of  sheep  and  hog  manure  per  acre.  No 
oonmiercial  fertiliser  was  used.  The  rotation  that  was  followed  was  com,  oats,  wheat, 
foDowed  by  seeding  to  grass.  The  sample  consisted  of  the  light  brown,  gravelly, 
ssndy  loam  tsken  to  a  depth  of  eight  inefaes. 

No.  1805. —  A  brown,  silty  loam,  ten  inches  deep,  resting  on  a  heavy  yellow  or 
mottled  gray  and  yellow  silt  loam,  having  a  depth  of  two  feet;  this,  in  turn,  resting  on 
rinle  and  sandstone  rock.  Soil  and  subHBoil  contain  veiy  large  amounts  of  shale,  and 
isodstone  f ragmentfl.    This  soil  occupies  the  highest  hiUs  and  rolling  plateaus  of  the 
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eouthem  tier  from  Broom  ooimty  to  GbstttMiqiia  oounty.  Gn^  grown  aie  oati^ 
grass,  buckwheat,  potatoes,  rye,  and  amall  amounts  of  com  and  wfaeat.  Good  appk 
orchards  are  found  on  this  aofl.  The  sample  of  soil  was  takm  from  the  farm  of  Mr. 
J.  J.  Preswiok,  about  three  mOes  southiBast  of  Ithaoa,  N.  Y.  The  field  was  a  potato 
field  that  gave  a  yield  of  about  150  bushels  per  acre  with  no  apirficatioQ  of  a  fertSiier 
of  any  kind.  The  previous  yields  were  potatoes  100  to  150  bushels;  oats,  90  busbA; 
grass,  a  scant  ton  per  acre;  and  buekwheat,  12  to  16  bosheb.  This  field  had  been 
cleared  eighty  years  and  no  fertiliser,  either  stable  manure  or  oomnwroial,  had  ever 
been  used. 

No,  1896. —  A  brown  or  black  loam,  six  to  ten  Inehes  deep,  resting  on  a  heavy 
jrellow,  sQty  loam  containing  numerous  shale  fragments  and  having  a  depth  of  thrae 
feet  or  m(»re,  this,  in  turn,  underlain  by  shale  rock.  Hiis  soil  occurs  typical^  devisloped 
on  rolling  upUnds,  but  extends  to  lower  levels  akmg  streams  and  lakes.  It  is  derived 
from  glacial  material  It  is  found  in  Aehtabula  county,  Ohio,  CSiautauqua,  Tompkhw, 
and  Cayuga  counties.  New  York,  and  mtermediate  localities  at  from  12  to  2,000 
feet  above  sea  level  In  New  York,  it  Is  the  basis  of  the  dairying  and  general  farming 
industries.  The  sample  was  collected  on  the  farm  of  Charles  Nofris,  about  three 
miles  northeast  of  Ithaca.  The  field  was  com  stubble  and  was  manured  the  previous 
year  with  twenty-five  loads  of  stable  manure.  No  oommeroial  fertiliser  had  been 
used  on  the  field  in  twenty  years.  The  rotation  was  com,  oats,  and  grass.  The 
yields  of  oom  were  from  100  to  125  bushels  of  ears  per  acre;  oats,  40  bushels;  grass, 
1}  to  2  tons  per  acre.  The  field  had  been  cleared  at  least  seventy-five  years.  The 
■ample  consisted  of  a  brown  loam,  f airiy  well  granulated,  and  oontuJned  a  considerable 
amount  of  large  fiat  shale  and  a  high  percentage  of  small  fiat  shale  chips. 

No,  1897, —  The  soil  on  the  Station  farm  is  a  rather  heavy  clay  loam  and  probably 
is  quite  similar  to  the  soils  claawd  as  Dunkirk  day.  The  sample  used  was  taken 
from  the  upper  eight  inches  of  a  garden  that  had  been  used  for  a  number  of  years  for 
the  production  of  small  fruits,  particularly  strawberries. 

No,  1898. —  This  soil  was  a  yellow  to  brown  clay  loam,  abc  to  twelve  inches  deep, 
underlain  by  mottled  joint  day  to  a  depth  of  six  feet  or  more,  this,  in  turn,  underlain 
by  boulder  clay  or  by  rock,  occasbnally  underlain  by  gravel  This  is  a  glacial  lake 
sediment  deposited  in  quiet  water  and  is  associated  with  gravdly  loams  and  sundty 
loams  of  similar  origin.  In  some  areas,  this  type  of  soil  is  badly  drained.  The  crops 
produced  on  it  are  wheat,  oats,  and  grass.  Com  and  buckwheat  are  raised  to  Im 
advantage.  It  is  a  typical  Concord  grape  soil  under  favorable  dimatio  oonditiooa 
and  with  good  drainage.  It  occurs  abng  Lake  Erie  in  Ashtabula  county,  Ohio,  and 
in  Chautauqua  county,  N.  Y.  It  is  widely  distributed  in  small  areas  in  northern 
central  New  Ywk  and  around  the  "Finger  Lakes."  The  sample  was  taken  frran  a 
oom  field  on  the  ComeU  University  farm  about  900  yards  south  of  the  new  filtration 
plant.  On  this  type  of  soil.  Professor  Roberts  secured  his  wheat  yields  of  forty  bushek 
per  acre  and  over,  the  hay  yields  bdng  from  three  to  four  per  tons  acre  in  1904. 

No,  1900, —  The  sample  of  soil  used  was  taken  from  the  farm  of  J.  V.  Salisbury 
A  Son,  near  Fhdps,  N.  Y.    This  farm  falls  within  the  Onondaga  limestone  region. 

No,  1901, —  The  soil  used  frpm  this  regbn  was  taken  on  the  farm  of  F.  A.  Sinrine, 
near  Riverhead,  N.  Y.  It  should  be  classed  as  a  sandy  loam,  although  it  is  not  pos- 
oble  to  state  from  existing  information  what  class  of  sandy  loams  it  falls  into  according 
to  the  classification  of  the  Bureau  of  Soils. 

No,  190£,'-  The  town  of  Walton  is  situated  in  Ddaware  county,  a  region  that  is 
classified  as  to  its  geological  characteristios  as  Cataldll  sandstone.  The  sample  used 
was  taken  from  the  farm  of  Nathan  Jenkins  which  is  located  in  Walton. 

> 

Farm  manure,  —  This  manure  was  made  from  a  herd  of  daily 
cows  that  received  a  fairly  rich  grain  ration  combined  with  silage 
and  hay,  partly  alfalfa. 
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Sail  treatment. —  The  soil  was  contained  in  boxes  fifteen  inches 
square,  inside  measure,  and  six  inches  deep,  holding  about  forty 
pounds  of  material.  Distilled  water  was  applied  as  needed  during 
the  growth  of  the  plants.  The  crop  grown  was  barley  which  was 
permitted  to  mature,  the  format  on  of  seeds  being  satisfactory.  One 
hundred  and  eighty  boxes  were  used  in  the  experiment,  twenty 
being  devoted  to  each  of  the  nine  soils.  Each  twenty  boxes  were 
divided  into  four  duplicate  groups.  One  set  of  duplicates  (two  boxes) 
received  no  fertilizer,  another  set  (six  boxes)  muck  the  first  year  and 
leaf  mold  the  second,  another  (six  boxes)  stable  manure,  and  another 
(six  boxes)  chemicals.  The  treatment  of  these  several  groups  for  both 
years  is  disclosed  in  Tables  I,  II,  III,  and  IV,  Table  IV  giving  the 
calculated  amounts  of  fertiUzing  ingredients  applied  per  acre. 


TaBLB  L—  COMPOBmON  OF  SUBSTAlf  018  ApPUBD  TO  THl 

Boxes. 

Oboamio 

MATTSB. 

Nnaocnv. 

KK). 

»<MPf«ro. 

Itt 

y«up. 

2d 
yeitf. 

iBt 

ye»r. 

2d 
year. 

l8t 

year. 

2d 
year. 

l8t 

year. 

2d 
year. 

Muok  or  leaf  mold.. 
Munira. 

Percent 
67.0 
76.0 

Percent 
60.8 
68.8 

Percent 

■*i!o6 

18.00 
16.40 

Percent 

"2.4 
18.0 
16.4 

Percent 

"iiw 

"26!2 

Percent 
"'2.8 

"6e!4 

Percent 

"2!77 
46.60 

Percent 
""2!6 

KNOk 

46.6 

N«NO» 

AeidikhcMpluite. ... 

TlBLB  n.—  QUAIITITXBS  OF  GhBMICAU  AND  OTHBB  MaTSBIALS  ApPUED  TO  TUB  BOXBB. 


Gbouf. 

Mvcx  OS 

Stabls 

UAXVBM, 

Sodium 
mraiTB. 

POTAflSIUII 
MITBATB. 

AdD 
PH08PHA1V. 

net 

year. 

t2d 
year. 

lit 

year. 

2d 
year. 

let 
year. 

2d 

year. 

let 
year. 

2d 
year. 

let 
year. 

2d 
year. 

l(2bozflB) 

Oraane 

Orame 

Orame 

Grame 

Orame 

Gram* 

Orame 

Ora$ne 

Orame 

Orame 

2  (6  boom) 

346 
230 
116 

184.0 

122.6 

61.3 

•  •  •  •   • 

8  (6  boom) 

268.6 

176.7 

87.8 

210 

140 

70 

4  (6  bom) 

18.66 

12.87 

6.18 

22.72 

16.16 

7.67 

16.68 

10.46 

6.28 

8.04 
6.06 
2.08 

18.41 

12.28 

6.14 

0.80 
6.63 
3.27 

fLMfmflld. 
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Tablb  m. —  QuAMixTua  or  N,  PtO«,  and  EaO  Appusd  pxb  Box. 


1 

1                OSAITP. 

OXQAMIO 
UATTEM. 

PflOi. 

KsO. 

• 

Ist 
year. 

2d 
year. 

Ist 
year. 

2d 
year. 

Ist 
year. 

2d 
y«ar. 

1st 
year. 

2d 
year. 

1(2  boxes) 

Grama 

Oramu 

drama 

Qmma 

Grama 

Grama 

Grama 

Grama 

2  (6  boxes) 

200.0 

133.3 

66.6 

112.0 
74.6 
87.3 

8  (6  boxes) 

200.0 

138.8 

66.6 

112.0 
74.6 
37.8 

5.22 
8.48 
1.74 

5.00 
8.83 
1.66 

4.64 
8.09 
1.55 

5.82 
8.88 
1.94 

7.80 
4.87 
2.43 

4.16 
2.77 
1.39 

4  (6  boxes) 

5.22 
8.48 
1.74 

5.00 
8.83 
1.66 

4.64 
8.00 
1.55 

5.82 
8.88 
1.94 

7.30 
4.87 
2.43 

4.16 
2.77 
1.80 

Table  IV - 

-  IUtb  of  Appugation 

pbbAgbx. 

Gboup. 

NmooBir. 

PsOs. 

S4O. 

1st 
year. 

2d 
year. 

Ist 
year. 

2d 
year. 

1st 
year. 

2d 
year. 

1st 
year. 

2d 

1  (Cheok) 

Lb9. 

Lb9. 

Lba. 

Lba. 

Lb: 

Lba. 

Lba. 

Lba. 

2  (Muck  or  leaf  mold).. 

8,536.0 
5,690.6 
3,845.8 

4,780.2 
3,186.8 
1,508.4 

8  (Farm  manure) 

8,536.0 
5,690.6 
2,845.3 

4,780.2 
3,186.8 
1,593.4 

222.8 

148.5 

74.3 

213.4 

142.3 

71.1 

108.0 

132.0 

66.0 

248.4 

165.6 

82.8 

311.6 
207.7 
108.8 

117.5 

118.4 

50.2 

4  (Chemieals) 

222.8 

148.5 

74.8 

213.4 

142.3 

71.1 

198.0 

132.0 

66.0 

248.4 

165.6 

82.8 

311.6 
207.7 
103.8 

117.6 

118.4 
50. 2 

Reaidts, —  The  first  year  the  barley  was  planted  in  the  boxes  on 
January  10  and  the  crop  was  harvested  as  it  matured  at  various 
dates  from  May  26  to  June  22.  The  second  year  the  planting 
occurred  on  December  18  and  the  crop  was  harvested  during  the 
latter  part  of  May.  The  results  secured  with  the  various  treatments, 
as  measured  by  the  amount  of  dry  substance  produced,  are  shown 
in  Tables  V,  VI,  and  VII. 

It  is  to  be  noted  that  in  the  first  year's  experiment  the  growth  of 
crops  where  farm  manure  was  applied  was  less  even  than  where  no 
application  of  fertilizer  was  made.  There  was  no  evident  explanation 
of  this  result,  but  as  a  means  of  securing  information  during  the  second 
year  special  boxes  of  fresh  soil  were  treated  with  farm  manure  alone 
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Tabu  VH. —  AvasiLOB  Pboduotion  of  Babudt  Dbt  Substanob  pob  Two  Ybabb 

ON  NiNB  Soils. 


Tbbatment. 


No  fertiliier 

Muck  or  leaf  mold,  3/3  quantity 
Muck  or  leaf  mold,  2/3  quantity 
Muck  or  leaf  mold,  1/3  quantity 
Stable  manure,  3/3  quantity  — 
Stable  manure,  2/3  quantity  — 
Stable  manure,  1/3  quantity  — 

Cbemicals,  3/3  quantity 

Chemicals,  2/3  quantity 

Chemicals,  1/3  quantity 


Yields. 


Ist 
year. 


Orama 

33.5 

43.2 

41.4 

38.1 

22.9 

23.9 

28.6 

266.3 

220.8 

167.1 


2d 
year. 


Orama 

5^.1 

76.6 

71.8 

60.7 

164.6 

129.3 

111.9 

237.4 

215.3 

167.6 


Average^ 
2  years. 


Chroma 

42.7 

59.8 

56.6 

49.4 

♦154.6 

♦129.3 

♦111.9 

251.9 

218.0 

162.2 


♦  For  second  year  only. 

and  farm  manure  to  which  was  added  40  grams  of  calcium  oxide  to 
each  box,  or  at  the  rate  of  2458  pounds  per  acre.  Table  VIII  gives 
the  average  relative  production  of  two  boxes  of  each  soil  when 
treated  with  manure  alone  and  with  manure  and  lime. 


Tablb  VIII. —  PBODUcnoN  or  Bablit  Dbt  Substanob  with 

wriu  AND  WITHOUT  Luib. 

Stabia 

Manubb, 

Soil. 

Manubb 
3/3  quantity. 

Manubb 
2/3  quantity. 

Manubb 
1/3  quantity. 

With 
lime. 

Without 
lime. 

With 
Uxne. 

Without 
lime. 

With 
lime. 

Without 
lime. 

1894 

Grama 
163.6 
174.3 
175.7 
149.5 
196.2 
127.4 
125.1 
66.1 
116.1 

Qrama 

156.0 

154.7 

139.3 

119.1 

170.3 

89.7 

180.5 

90.6 

69.8 

Orama 
152.7 
149.5 
156.1 
137.3 
187.7 
112.4 
117.6 
65.6 
109.7 

Ora$na 

191.1 

179.1 

134.9 

106.4 

173.5 

85.1 

164.8 

89.3 

89.6 

Orama 
150.6 
153.6 
158.7 
128.7 
181.1 
118.8 
135.0 
72.1 
104.1 

Orama 
146.3 

1895 

102.1 

1896 

107.7 

1897 

94.6 

1808 

164.2 

1899 

73.6 

1900 

138.8 

1901 

29.8 

1902 

64.5 

Atbbagb  ow  all  boxbs.  . .  . 

143.7 

129.9 

132.0 

134.8 

133.8 

102.8 
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METHODS  AND  RESULTS  WITH  IfWO  SOILS 

In  the  experiments  previously  described,  with  the  statement  of 
the  results  seciu*ed,  fertilizers  of  a  uniform  composition  have  been 
applied  In  different  quantities,  as  for  instance,  a  given  fertilizer 
mixture  was  applied  in  proportions  of  one,  two,  and  three.  In  the 
succeeding  season,  experiments  were  carried  on  with  two  soils  to 
which  were  added  fertilizers  differently  compounded  and  applied 
in  var3dng  quantities 

The  soils. —  The  soils  used  included  one  from  the  Station  Farm, 
known  as  Station  soil,  and  a  soil  from  the  region  known  as  Pine 
Plains,  this  being  sandy  in  character  and  generally  regarded  as  very 
inferior  for  the  production  of  general  farm  crops.  This  latter  fact 
is  indicated  not  only  by  the  crops  produced  in  that  particular  locality 
but  also  by  the  natiuul  vegetation. 

Soil  treatment. —  This  experiment  involves  forty-eight  boxes  of 
soil  which  were  divided  into  the  following  groups: 

Group  1.  Boxes  receiving  no  fertilizer. 

Group  2.  Boxes  receiving  nitrogen  alone  in  proportions  of  one, 
two,  and  three. 

Group  3.  Boxes  receiving  phosphoric  acid  alone  in  proportions  of 
one,  two,  and  three. 

Group  4.  Boxes  receiving  potash  alone  in  proportions  of  one,  two, 
and  three. 

Group  5.  Boxes  receiving  nitrogen  in  proportions  of  one,  two,  and 
three,  each  box  receiving  besides  the  largest  amount  of  phosphoric 
add. 

Group  6.  Boxes  receiving  nitrogen  in  proportions  of  one,  two,  and 
three,  each  box  receiving  besides  the  largest  amount  of  potash. 

Group  7.  Boxes  receiving  nitrogen  in  proportions  of  one,  two,  and 
three,  each  box  receiving  besides  the  largest  amount  of  both  phos- 
phoric acid  and  potasL 

The  boxes  were  planted  to  barley  which  was  allowed  to  develop 
to  maturity. 

Results. —  The  kind  and  quantity  of  N,  PsO^,  and  EtO  applied, 
and  the  production  of  dry  substance  imder  each  method  of  treat- 
ment for  both  soils  are  given  in  the  following  table.  The  figures 
for  the  dry  substance  of  straw  and  grain  for  each  soQ  are  the  average 
of  duplicate  boxes. 
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Tablk  IX. —  YiBLD  OF  Barlbt  Dbt  Substancb  wrfH  DivTBBXNT  Fbbuliibb 

Trbatmbnts  on  Two  Types  or  Soil. 


Oronp  No.  1. 
NofartUber..., 

Oroop  No.  2. 

Nitracen  alone. 

1/8  N 

2/3  N 

8/8  N 


Qraup  No.  8. 
Fhos.  add  alone. 

1/8  P«0» 

2/3PsOb 

8/3PyOi 


Oronp  No.  4. 
Potaah  alone. 

1/8  KiO 

2/3  KiO 

3/8  KfO 

Oroop  No.  6. 
Nft  PiOiCS/S). 


1/8  N. 

2/8  N. 
8/3  N. 


Oroop  No.  6. 
N*  KsO<3/3). 

1/3  N 

2/8N 

8/3N 


No.  7. 

N.Ts0b(8/8).  KsO 

<'^N 

2/8  N 

8/8N 


QVAHTITT   OF  VBBTI'* 
UBIB   APFLBD. 


N 


Oranu 


1.264 
2.fi08 
3.762 


1.2M 
2.608 
3.762 


1.264 
2.608 
3.762 


1.264 
2.608 
8.762 


PiOi 


Orams 


1.080 

3.878 
6.817 


6.817 
6.817 
6.817 


6.817 
6.817 
6.817 


KtO 


Oramt 


1.886 
2.772 
4.168 


4.168 
4.168 
4.168 


4.168 
4.168 
4.168 


YlBLD. 


BTATIOM  BOIL. 


Straw 
dry 
latter. 


mat 


Oranu 
16.6 


62.3 
63.6 
76.0 


14.8 
13.6 
17.3 


12.0 
14.6 
12.7 


68.8 

00.6 

106.6 


67.6 
70.4 
74.6 


63.3 

02.0 

104.7 


Grain 
dry 
matter. 


Gramt 
11.8 


86.1 
41.7 
64.6 


12.0 
12.2 
16.7 


10.0 
11.8 
14.8 


48.8 
72.1 
82.1 


46.4 
66.6 
42.0 


63.1 
66.6 
72.4 


Total 

dry 

matter. 


Oranu 
26.0 


88.4 
106.2 
120.6 


27.7 
26.7 
34.0 


22.0 
26.4 
27.0 


107.1 
162.6 
100.7 


104.0 
136.0 
117.4 


116.4 
168.6 
177.1 


para  plaimb  soil. 


Straw 

dry 
matter. 


Oranu 
81.3 


61.1 
84.0 
07.0 


20.4 
36.0 
88.7 


27.6 
20.6 
20.6 


72.0 

01.8 

100.0 


74.8 
00.0 
04.8 


76.8 

07.7 

110.7 


Grain 

dry 

matter. 


Oranu 
24.8 


67.1 
66.2 
66.0 


26.7 
26.4 
28.7 


22.8 
23.0 
24.0 


67.2 
76.0 
86.0 


68.8 

66.6 
62.1 


68.8 
70.7 
78.2 


Total 

dry 

matter. 


Oranu 
66.6 


118.2 
160.2 
163.0 


66.1 

61.8 
62.4 


60.4 
62.6 
64.6 


120.2 
168.7 
106.0 


128.1 
156.6 
166.0 


136.8 
177.4 
188.0 


GENERAL  DISCUSSION 

The  foregoing  data  show  that  the  growth  of  the  barley  plant  under 
f<Mnciiig  house  conditions  was  very  satisfactory.  In  the  series  of 
experiments  where  the  various  fertilizers  were  applied  in  unlike 
quantities  the  production  of  barley  dry  substance  varied  from  the 
rate  of  one  and  one>fourth  tons  per  acre  to  nearly  seven  and  three^ 
fourths  ionB.  In  the  experiments  where  various  combinations  of 
fertilizing  ingredients  were  used  the  growth  was  not  as  generous  but 
nevertheless,  very  satisfactory. 
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The  study  of  the  data  secured  justifies  the  following  comments: 

1.  The  growth  of  barley  was  influenced  very  little  by  the  application 
alone,  of  either  muck  or  leaf-mold. 

2.  The  failure  of  well  composted  farm  manure  to  produce  addi- 
tional growth  during  the  first  year's  experiments  was  not  understood. 
No  such  effect  was  observed  the  second  year,  growth  of  the  barley 
plant  in  these  boxes  being  very  satisfactory. 

3.  With  a  single  exception  the  growth  of  the  barley  plant  increased 
with  the  increase  of  the  amount  of  fertilizer  applied  tho  not 
proportionately,  the  increase  from  the  proportion  of  one  to  two 
being  larger  than  that  due  to  further  increase. 

4.  The  boxes  to  which  commercial  fertilizeis  were  applied  gave  a 
much  larger  production  of  barley  dry  substance  than  those  receiving 
stable  manure,  the  quantities  of  nitrogen,  phosphoric  acid,  and  potash 
being  the  same  in  the  two  cases. 

5.  Lime  (CaH^a)  applied  in  connection  with  farm  manure  had 
a  very  irregular  effect  on  the  growth  of  the  barley  plant  in  the  nine 
soils.  With  four  soils  the  increased  growth  was  large,  with  three 
there  was  a  manifest  advantage  from  the  use  of  the  lime,  and  with 
two  there  was  an  apparent  injury. 

6.  In  the  experiments  with  the  two  soils  where  fertilisers  were 
applied  in  different  combinations,  nitrogen  in  the  fonn  of  nitrate  of 
soda  exerted  the  dominant  influence,  the  increasing  crop  where  this 
was  apphed  alone  being  very  marked. 

7.  The  application  of  phosphoric  acid  alone  and  of  potash  alone 
in  neither  case  resulted  in  any  special  addition  of  crop. 

8.  The  combination  of  nitrogen  and  phosphoric  add  caused  a 
somewhat  larger  growth  of  barley  than  nitrogen  alone  altho  the 
increase  from  the  addition  of  the  phosphoric  acid  to  the  nitn^en 
was  somewhat  insignificant,  as  compared  to  the  increase  due  to  the 
application  of  nitrogen  alone. 

9.  The  combination  of  nitrogen  and  potash  gave  praoticaUy  the 
same  production  of  dry  substance  as  nitrogen  alone. 

10.  The  combination  of  nitrogen  with  both  phosphoric  add  and 
potash  gave  practically  the  same  yield  of  dry  substance  as  the  combin- 
ation of  nitrogen  and  phosphoric  acid.  Either  alone  or  in  com- 
bination, potash  appeared  to  exert  little  influence  on  the  growth  of 
the  barley  plants. 
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It  is  a  wen  observed  fact  that  vegetation  experiments  with  sdls  in 
the  forcing  house  give  results  quite  unlike  those  that  would  be  reached 
with  the  same  soils  under  field  conditions.  For  instance,  the  Pine 
Plains  soil  which  is  properly  regarded  as  of  an  inferior  type  for  general 
croj^ing,  produced  twice  as  much  dry  substance  on  the  boxes  where 
DO  fertilizer  was  applied  as  did  the  Station  soil,  the  latter  soil 
being  notably  fertile  in  field  culture.  The  application  of  the  fertil- 
izers caused  as  large  production  on  the  Pine  Plains  soils  as  on  the 
Station  soil.  Moreover,  the  application  of  nitrogen  alone  gave 
a  veiy  marked  increase  of  crop  on  both  soils  and  it  is  doubtful  if  a 
similar  result  could  be  secured  by  ordinaiy  field  culture.  The  explar 
nation  of  these  facts  is  difGicult. 

Forcing  house  conditions  vaiy  from  field  conditions  in  three  ways, 
namely: 

1.  The  soil  in  the  experimental  boxes  was  more  thoroly  pulverised 
than  occurs  in  field  culture. 

2.  The  temperature  of  the  forcing  house  was  maintained  at  a 
favorable  and  nearly  constant  point,  whereas,  in  field  culture  the 
soil  and  plants  are  subjected  to  great  variations  of  temperature. 

3.  Water  was  applied  to  the  boxes  in  the  forcing  house  in  the 
amount  regarded  as  most  favorable  for  plant  growth,  whereas,  in 
the  field  variations  of  moisture  occur,  ranging  from  a  surplus  to'  a 
d^cienpy. 

Just  how  these  unlike  conditions  would  affect  the  availability 
of  the  plant  food  in  the  soil  and  the  general  welfare  of  the  plant  is 
not  well  understood.  It  may'  be  suggested,  however,  that  the 
constant  warmth  and  abundant  moisture  to  which  the  forcing  house 
soil  was  subjected  would  be  favorable,  thru  the  process  of  jBolution, 
to  the  maximum  use  of  soil  ingredients.  Besides,  these  imiformly 
favorable  conditions  to  which  the  plants  were  subjected,  in  the  matter 
qI  moisture  and  temperature  and  the  absence  from  insect  and  fungus 
depredations,  enabled  the  plant  to  exert  its  maximum  vigor  in  securing 
the  materials  for  growtL  Whatever  may  be  the  explanation,  this 
is  obvious,  that  in  so  far  as  forcing  house  conditions  may  be  dupUcated 
in  the  field,  just  so  far  is  the  farmer  promoting  luxuriant  plant  growtL 
The  imlike  results  in  growing  plants  imder  the  two  conditions  present 
an  interesting  problem.  In  any  case,  the  data  here  recorded  are 
suggestive  as  to  the  use  of  fertilizers  for  forcing  crops  under  glass. 
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RELATION  OP  FERTILIZERS  AND  PLANT  GROWTH  TO 

SOIL  SOLUTIONS 

There  has  been  carried  on  in  connection  with  the  experiments 
previously  described  studies  on  the  influence  of  fertilizers  and  plant 
growth  upon  soil  solutions.  Much  of  the  data  secured  is  in  accord 
with  existing  knowledge  which  needs  no  confinnation,  while  certain 
of  the  results  reached  afford  testimony  that  is  worthy,  perhaps,  of 
more  than  passing  notice. 

Past  investigations  have  clearly  shown  what  occurs  quite  promptly 
when  nitrates  and  soluble  compounds  of  phosphorus  and  potassium 
are  mixed  with  soil.  The  nitrogen  remains  in  a  soluble  compound, 
apparently  as  calcium  nitrate,  the  phosphorus  almost  wholly  enters 
into  water  insoluble  forms,  while  such  changes  occur  with  the  potas- 
sium as  render  its  partial  removal  from  its  new  combinations  pos- 
sible only  through  continued  leaching.  A  study  of  drainage  waters 
corroborates  these  general  conclusions. 

It  seemed  desirable,  because  of  the  favorable  opportunity  offered, 
to  secure  additional  data  as  to  the  persistence  of  the  states  of  solu- 
bility above  noted.  It  was  believed  to  be  especially  desirable  to 
secure  observations  on  the  influence  oi  plant  growth  on  soil  solutions. 

PLAN  OF  STUDY 

This  study  was  carried  on  in  part  with  the  nine  soils  on  which 
two  crops  of  barley  were  grown  as  shown  in  Tables  I  to  VII.  It 
should  be  noted  that  the  second  crop  was  grown  in  the  same  boxes  as 
the  first  one  without  removing  the  soil.  Fertilizers  carrying  nitrogen, 
phosphorus,  and  potassium  in  the  soluble  forms  were  added  to  the 
soil  as  shown  in  Tables  I  to  III,  and  the  crops  produced  are  shown  in 
Tables  V  and  VI.  Following  the  harvesting  of  the  second  crop  of 
barley,  samples  were  selected  from  each  box  and  the  amounts  of 
nitrogen,  phosphorus,  and  potassium  brought  into  solution  were 
determined. 

In  order  to  secure  data  on  the  persistence  of  soluble  compounds 
in  the  soil  following  the  application  of  soluble  fertiUzers  and,  also, 
to  obtain  data  on  the  proportion  of  soluble  material  in  the  s<xl  on 
which  no  crops  had  been  grown  as  compared  with  the  soil  on  which 
the  two  crops  of  barley  were  grown,  fertilizers  were  applied  to  a 
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certain  number  of  the  boxes  in  the  quantitieB  shown  in  Table  X, 
one  box  receiving  no  fertilizer.  As  indicated,  no  crop  was  grown  on 
these  boxes. 

Tabia  X. —  Amoxtut  of  FsBTiuziNa  Ingbsdixntb  Appuxd  to  Uncboppbd  Boxu. 


Ration. 

Sodium 
nitbatb. 

Potassium 

NITBAIS. 

Total 
mitbo- 

GEN. 

Acid 

PHOS- 
PHATE. 

PjOi 

£^ 

One-third  quantity .... 
Two-ihirds  quantity. . 
FuH  quantity 

Qrams 

6.18 

12.36 

18.65 

QramB 

6.23 

10.46 

16.69 

QramB 
1.74 
3.48 
5.22 

QrauM 

6.14 

12.28 

18.41 

Orams 
1.55 
3.09 
4.64 

Groffw 
2.43 
4.86 
7.29 

-• 

Samples  were  selected  from  these  boxes  on  seven  different  dates, 
the  first  being  January  3  and  the  last  Jime  15,  and  the  water  soluble 
material  detennined. 


determination  of  water  solubles  in  nine  80IIJ3 

Five  hundred  grams  of  air  dried  soil  were  placed  in  a  two  quart 
container,  to  which  one  thousand  cc.  of  distilled  water  was  added. 
After  shaking  for  three  minutes,  the  mixture  was  allowed  to  stand 
for  twenty  minutes  to  allow  the  coarse  particles  to  settle,  after 
which  the  supema^t  liquid  was  filtered  through  a  Chamberlain 
filter  under  pressure.  The  quantities  of  nitrogen,  phosphorus,  and 
potassium  held  in  solution  were  determined  by  approved  metliods. 
By  this  (dan  it  became  possible  to  compare  soil  solutions  from  the 
nine  soUa  on  which  no  crops  had  been  grown  with  the  soils  producing 
two  crops  of  barley,  the  fertilizer  treatment  being  essentially  the 
same.    These  comparisons  are  shown  in  Table  XI. 


42        Report  of  the  Department  of  Agronomy  of  the 
Table  XI.^Influbnob  of  Fbbtilctbs  and   CBOPPnia  on  Watbb   Solubi.b 

SUBSTANGBS  IN  NiNB    DllTBBBNT  Soiia. 


Soil. 


PaBTB  in  BOLXmON  PBB  MILUON  OF  SOIL. 


Totol 
sol. 
Bub. 


Inorg. 

BOL 

Bub. 


E«0 


PiOfc 


NOk 


YlBLO 
WATXB 


ST7B- 
STANOB 

IN 
GBAHB. 


Results 

1894,  Before  cropping. . . 
After  aropping 

LoBB  from  cropping . 


1895,  B^ore  cropping. 
After  cropping. . 


WHEN  NO  FEBTILUBB    WAB  APPLIED. 


Loss  from  cropping . 


1896,  Before  cropping. 
After  cropping. . 


LoBB  from  cropping . . 


1897,  Before  cropping. 
After  cropping. . 


LoBB  from  cropping . . 


1898,  Before  cropping. 
After  cropping. . 


LoflB  from  cropping. . 


1899,  Before  cropping. 
After  cropping. . 


LoBB  from  cropping. . 


1900,  Before  cropping. 
After  cropping. . 


LoBB  from  cropping. 


1901,  Before  cropping. 
After  cropping. . 


LoBB  from  cropping. . 


1902,  Before  cropping 
After  cropping. . 


LoflB  from  cropping. 


330 

84 

143 
54 

15.00 
3.50 

2.20 
3.00 

135.0 
3.4 

246 

89 

11.50 

—.80 

131.6 

331 
72 

133 
43 

9.00 
1.00 

2.50 
3.10 

140.0 
2.2 

259 

90 

8.00 

—.60 

137.8 

284 
55 

102 
40 

9.00 
3.20 

1.71 
2.10 

122.0 
1.4 

229 

62 

5.80 

—.39 

120.6 

308 
226 

136 
148 

22.00 
13.80 

3.70 
2.30 

102.0 
2.7 

82 

—12 

8.20 

1.40 

99.3 

454 
124 

178 
71 

22.00 
1.10 

2.40 
3.60 

171.0 
2.6 

330 

107 

20.90 

—1.20 

168.4 

180 
34 

72 

16 

11.00 
.26 

2.00 
3.20 

68.0 
.6 

146 

56 

10.70 

—1.20 

67.4 

1,709 
650 

1,365 
540 

16.00 
4.70 

3.20 
2.30 

72.0 
1.0 

1,059 

825 

11.30 

.90 

71.0 

125 
82 

78 
52 

10.00 
1.80 

3.50 
2.80 

24.0 
1.4 

43 

26 

8.20 

.70 

22.6 

179 
195 

57 
59 

7.40 
4.20 

2.70 
3.50 

83.0 
61.0 

—16 

—2 

3.20 

—.80 

22.0 

83.0 


56.0 


59.7 


71.5 


76.6 


84.0 


40.2 


36.3 


00.0 
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Table  XI.~  (conttniMiO. 


Soil. 


PaBTB  in  solution  put  lOLUON  OF  BOIL. 


Total 

80l. 
BUb. 


Inorg, 
8oL 
sub. 


E^ 


PiOi 


NOk 


YnLD 

WATXB 


8UB- 
BTANGB 

IN 
QBAlfS. 


RmULXB  WHSN  1/3  FBBTIUZBB  BATION  WAS  APPLIBD. 


1S84,  Before  cropping 
After  cropping. . 


Loss  from  cropping. 


1806,  Before  cropping, 
After  cropping. . 


Loss  from  cropping . 


1890»  Before  cropping, 
After  cropping. . 


Loss  from  cropping . 


1807,  Before  cropping 
After  cropping. . 


Loss  from  cropping 


1886,  Before  cropping. 
After  cropping.. 


Loss  from  cropping. . 


1800,  Before  cropping 
After  cropping. . 


Loss  from  cropping. . 


1000^  Before  cropping. 
After  cropping. . 


Loss  from  cropping. . 


lOOly  Before  cropping. 
After  cropping.. 


Loss  from  cropping 


1002;  Before  cropping 
After  cropping. . 


Loss  from  cropping. . 


777 
115 


662 

745 

182 


563 

841 
146 


695 

700 
328 


372 

920 
248 


672 

529 
99 


439 

2237 

416 


1821 

579 
66 


513 

608 
92 


516 


475 
53 


422 

434 
136 


298 

478 
82 


396 

424 
209 


215 

498 
160 


338 

289 
42 


247 

1799 
334 


1465 

437 
43 


394 

347 
56 


291 


48.0 
1.9 


46.1 

39.0 

2.8 


36.2 

52.0 
7.6 


44.4 

59.0 
4.5 


54.5 

53.0 
4.6 


48.4 

33.0 
6.0 


27.0 

40.0 

8.6 


31.4 

78.0 
2.5 


75.5 

33.0 

7.4 


25.6 


2.8 
3.2 


—.4 

2.4 
3.5 


—1.1 

1.6 
3.3 


—1.7 

6.2 
6.8 


-  .6 

2.6 

3.8 


—1.2 

2.1 
2.3 


—.2 

1.6 
2.4 


—.8 

3.1 
3.8 


—.7 

2.2 

3.1 


—.9 


364.0 
1.7 


362.3 

338.0 
1.1 


336.9 

393.0 
1.4 


391.6 

264.0 
4.7 


259.3 

403.0 
2.6 


400.4 

200.0 
1.3 


198.7 

198.0 
1.5 


196.5 

234.0 
1.8 


232.2 

292.0 

.9 


291.1 


185.0 


159.0 


163.0 


185.7 


182.1 


171.0 


101.6 


140.0 


122.6 
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Tmbjm  XI.— (am<imiMO. 


Soil. 


Pabts  ih  aoLunoN  pee  mxluon  or  soil. 


Total 
sol. 
sub. 


Inorg. 
sol. 
sub. 


KiO 


PfO, 


NO, 


YlSLD 
WATBB 


SUB- 
STANCE 

IN 
GRAMS. 


Rbsui/tb  when  2/3  rsBrnLizEB  ration  was  apfubd. 


1894,  B^ore  cropping, 
After  cropping. . 


Loss  from  cropping, 


1895,  Bclore  cropping, 
After  cropping. . 


Loss  from  cropping , 


1896,  Before  croi^ing. 
After  cropping. . 


Loss  from  cropping . 


1897,  Before  cropping 
After  cropping. . 


Loss  from  cropping . . 


1898,  Before  cropping 
After  cropping. . 


Loss  from  cropping . . 


1899,  Before  cropping. 
After  cropping. . 


Loss  from  cropping. 


1900,  Before  cropping. 
After  cropping. . 


Loss  from  cropping , 


1901,  Before  cropping. 
After  cropping. . 


Loss  from  cropping. . 


1902,  Before  cropping. 
After  cropping. . 


Loss  from  cropping. 


991 
128 

677 
52 

86.0 
7.8 

2.9 
6.5 

411.0 
3.5 

863 

625 

78.2 

—3.6 

407.5 

937 

195 

624 

114 

73.0 
2.1 

2.6 
4.3 

392.0 
2.2 

742 

510 

70.9 

—1.7 

389.8 

958 
301 

648 
146 

85.0 
12.2 

2.3 
3.2 

418.0 
8.0 

657 

502 

72.8 

—.9 

415.0 

1,052 
211 

718 
124 

87.0 
5.8 

11.6 
17.6 

450.0 
1.8 

841 

594 

81.2 

-6.0 

448.2 

1,205 
449 

744 
258 

86.0 
3.2 

5.2 
8.0 

524.0 
2.2 

756 

486 

82.8 

—2.8 

521.8 

673 
128 

477 
60 

67.0 
6.6 

2.6 
5.7 

307.0 
1.3 

545 

417 

50.4 

-3.1 

305.7 

2,063 

484 

1,616 
315 

60.0 
5.4 

2.3 
3.1 

379.0 
3.0 

1,579 

1,301 

54.6 

—.8 

376.0 

799 
47 

640 

28 

134.0 
2.3 

7.5 
8.2 

275.0 
1.5 

752 

612 

131.7 

—.7 

273.5 

993 
234 

682 
134 

66.0 
5.6 

1.9 
4.3 

490.0 
16.6 

759 

548 

60.4 

—2.4 

473.4 

228.0 


206.7 


217.5 


237.8 


251.3 


221.6 


258.3 


150.3 


155.4 
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Tablb  XI.—  (concluded). 


Soil. 


PaBTB  in  solution  FEB  MILUON  Or  SOIL. 


Total 
8oL 
sab. 


Inorg. 
BoL 
sub. 


KiO 


PtOi 


NOk 


Yield 

WATEB 


BUB- 
8TAN0B 

IN 
OBAMB. 


Results  when  3/3  fbbtiuzbe  bation 

WAS  APPLOBD. 

1891,  Before  cropping 

After  cropping 

1,546 
320 

1,161 
151 

138.0 

11.8 

8.0 

9.6 

677.0 

7.5 

245.5 

Loss  from  cropping . . 

1,226 

1,010 

126.2 

-6.6 

660.5 

1895,  Before  cropping 

After  cropping 

1,742 
397 

1,262 
240 

138.0 
4.3 

3.0 

9.6 

802.0 
4.3 

246.8 

Loss  from  cropping . . 

1,345 

1,022 

133.7 

—6.6 

797.7 

1896,  Before  cropping 

After  cropping 

1,326 
292 

939 
144 

128.0 
3.0 

3.0 
6.2 

595.0 
9.4 

247.5 

LoflB  from  cropping . . 

1,034 

795 

125.0 

—3.2 

585.6 

1897,  Before  cropping 

After  cropping 

1,462 
292 

1,051 
168 

131.0 
4.5 

16.2 
30.0 

563.0 
2.1 

214.5 

LoflB  from  cropping . . 

1,170 

883 

126.5 

—13.8 

560.9 

• 

1898,  Before  cropping 

After  cropping 

1,652 
436 

1,137 
242 

128.0 
2.8 

15.2 
14.0 

748.0 
2.8 

292.2 

LoflB  from  cropping . . 

1,216 

895 

125.2 

1.2 

745.2 

1809,  Before  cropping 

After  cropping 

1,451 
264 

1,063 
118 

116.0 
2.3 

3.9 
9.6 

611.0 
11.7 

242.3 

Lofls  from  cropping. . 

1,187 

945 

113.7 

—6.7 

599.3 

1900,  Before  cropping 

After  cropping 

2,902 
530 

2,252 

178 

103.0 
10.1 

3.8 
11.5 

610.0 
1.7 

285.8 

Loss  from  cropping. . 

2,372 

2,074 

92.9 

—7.7 

608.3 

1901,  Before  cropping 

After  cropping 

1,448 
118 

1,222 
64 

219.0 
5.3 

12.1 
17.5 

622.0 
3.8 

170.3 

Lofls  from  cropping . . 

1,330 

1,158 

213.7 

—5.4 

618.2 

1902,  Before  cropping 

After  cropping 

1,290 
476 

860 
268 

107.0 
6.6 

2.7 

3.1 

591.0 
134.0 

191.7 

Loos  from  cropping . . 

814 

592 

100.4 

—.4 

457.0 
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DETERMINATION  OF  WATER  SOLUBLES  IN  ONE  BOIL 

A  study  of  the  effect  of  soluble  fertilizers  and  plant  growth  upon 
soil  solutions  has  also  been  carried  thru  with  a  sin^e  soil  under 
a  plan  calculated  to  give  fuller  and  more  carefully  graded  data  than 
were  secured  from  the  nine  soils  as  previously  set  forth. 

In  this  study  36  boxes  were  used,  each  containing  33  pcfUnds  of 
air-dried  soil  from  the  Station  farm.  Thirty-two  of  these  boxes 
were  divided  into  four  sets  of  eight  boxes  in  a  set.  Each  set  of  eight 
was  fertilized  as  follows: 


Tabui  XII. —  Febtilusbs  Applod  to  the  Bqxbb. 


Svis. 

SOMUU    NITHATB. 

POTABBXril 
NITHATIG. 

KsO 

Acid 

PH08PHATB. 

NaNOi 

N 

KNOs 

N 

Acid 
phos. 

PiO» 

1,  8  boxes,  no  chemicals 

2,  8  boxes,  1/3  chemicals 

3,  8  boxes,  2/3  cbemicala.  . . . 

4,  8  boxes,  3/3  chemicals .... 

Orama 

'8'.787 

7.674 

11.361 

Orama 

.627 
1.255 
1.881 

Orama 

2,979 
5.958 
8.036 

Orama 

'  ' ;4i2 

.824 
1.238 

GrafiM 

'i!s86 

2.772 
4.158 

Orama 

'8!266 
6.632 
9.797 

Orama 

'*i;939 
8.878 
5.817 

The  chemicals  used  were  Kahlbaum's  chemically  pure.  The 
potassium  nitrate  was  added  before  seeding  and  the  sodium  nitrate 
later,  February  23.  All  the  boxes  were  seeded  alike  to  barley  on 
January  24.  One  set  of  four  boxes  was  not  seeded  but  was  kept  free 
of  weeds  and  under  moisture  conditions  similar  to  those  maintained 
in  the  boxes  in  which  barley  was  growing.  Of  the  remaining  sets 
of  four  boxes  which  were  seeded,  one  set  received  no  chemicals  and 
the  other  three  were  used  for  the  three  quantities  of  chenucals  as 
shown  in  Table  XII  and  indicated  by  1/3,  2/3,  and  3/3. 

Barley  was  harvested  from  two  boxes  of  each  set  at  four  different 
periods,  namely,  March  18,  April  15,  May  10,  and  June  1.  At  the 
times  of  harvesting,  samples  of  soil  were  taken  from  the  boxes  from 
which  the  crop  was  removed  and  also  from  the  boxes  not  seeded. 
These  samples  were  submitted  to  leaching,  according  to  the  method 
described  on  page  41.  The  yields  of  dry  substance  from  the  boxes 
treated  in  the  several  ways  are  shown  in  the  following  table. 
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Table  XIII. —  Yield  or  Bablbt  Dbt  Substance  fbom  Vabiouslt  Tbbated  Boxes. 

Averagos  of  two  boxes. 


Manner  or  tbbatuent. 


No  chemicals. 
1/3  cfaemicalB 
2/3  chAmicals 
3/3  chemicals 


Chop  or 
March  18. 


Orams 
14.4 
17.5 
18.8 
15.5 


Crop  or 
April  15. 


Orams 
57.1 
68.4 
66.1 
73.7 


Cbop  or 
Mat  10. 


Orams 

84.8 

114.0 

126.2 

137.9 


Crop  or 
June  1. 


Orams 
101.7 
177.7 
214.4 
222.2 


Solutions  from  the  unseeded  boxes, —  As  previously  stated,  the  soil 
in  the  boxes  on  which  barley  was  not  grown  was  sampled  at  four 
different  periods  and  submitted  to  leaching  according  to  the  method 
previously  described.  The  amounts  of  total  and  inorganic  solids, 
as  shown  by  the  ignition  of  the  total  solids  dissolved,  potassium 
oxide,  phosphoric  add,  and  nitrogen  were  determined  in  the  water 
sohition.  It  was  expected  by  this  method  to  show  whether  any 
changes  in  solubilities  occurred  during  a  considerable  period  of  time. 


EFFECT  OF  PLANT  GROWTH  ON  SOIL  SOLUBLES 

Not  only  were  the  unseeded  boxes  sampled,  but  as  stated  the  barley 
was  harvested  from  the  boxes  at  four  different  periods  and  the  soil 
sampled  from  these  boxes  at  the  time  of  removing  the  crop.  These 
8(m1  samples  were  leached  as  described. 

The  following  tables  show  the  content  of  all  the  soil  solutions  at 
the  time  of  the  four  periods  of  removing  the  crops. 
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Table  XIV.—  Partial  Goimsirr  or  Soil  Solutionb  at  Foub  Periods  of  Tdce, 
FBOM  Soil  Subtaininq  no  Plant  Gbowth,  without  Febtiukeb,  and  with 
CsMmcAXS  IN  Thbbs  Ditfebbnt  QnANTims. 

FigureB  show  parts  per  million  of  soil. 


Dats  or  samplino. 


Total 

BOUDB. 


In- 
organic 

SOLIDS. 


K«0 


PsOk 


NOb 


March  18 
April  15 
May  10 
June      1 


No  feethiObr. 


898 
825 
845 
876 

473 
323 
371 
384 

29.2 
29.6 
27.2 
37.2 

4.8 
4.0 
7.6 
4.0 

5.6 

106.0 

187.6 

67.6 

«e 

861 

388 

30.8 

5.1 

91.7 

March  18. 
April  15 
May  10. 
June      1. 


Average. 


1/3  Cheuigalb. 


1,424 
1,444 
1,412 
1,529 

782 
703 
826 

747 

41.2 
35.6 
40.8 
48.8 

8.8 
6.4 
8.8 
7.6 

1,452 

764 

41.6 

7.9 

8.4 
556.0 
455.0 
520.0 


385.8 


March  18, 
April  15 
May  10 
June       1, 


Average 


March  18 
April  15 
May  10 
June      1, 


2/3  Chkmicam. 


2,672 
1,718 
1,280 
1,511 


1,795 


1,835 

1,365 

667 

723 


1,147 


3/3  Chemicaub. 


2,168 
2,990 
2,920 
2,015 


1,267 
1,882 
2,134 
1,208 


74.8 
48.8 
44.4 
60.0 


57.0 


62.0 
67.6 
78.0 
85.2 


21.6 
14.4 
14.0 
11.6 


15.4 


16.4 
23.6 
24.0 
17.2 


1,040.0 
652.0 
375.0 
500.0 


642.0 


860.0 
1,478.0 
1,090.0 

666.0 


Average, 


2,523 


1,623 


73.2 


20.3 


1,023.0 
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TiBUB  XV. —  Pabtial  Contbntb  or  Watbb  SoLxmoNs  vboic  Soils  Sustainino  no 
Plant  Growth  and  Soils  in  which  Bablbt  was  Grown  without  Appltinq 
Chbmicaus  and  with  Chbmigalb  in  Thbbb  Proportions. 


Ynu> 

Total 

In- 

DRT  SUB- 

Datk of  samfuno. 

solids.* 

ORGANIC 
SOLIDS.* 

K,0* 

P.06* 

NO,* 

STANCE 

IN 
QRAMB. 

No  FEBTILIZBR. 


Bknk,  avenge 

lllBrohl8 

April    15 

May    10 

Jane      1 

Loss  on  June  1 

Blank,  average 

March  18 

April    15 

May    10 

June      1 

LosBon  June  1 

Bumk,  average . . . . 

March  18 

April    15 

May     10 

June      1 

Lov  on  June  1 

Blank,  average 

March  18 

April    15 

May     10 

June      1 

Loflson  June  1 


861 

388 

30.8 

5.1 

91.7 

436 

208 

13.2 

9.8 

2.6 

15.4 

427 

185 

8.2 

4.8 

2.0 

57.1 

441 

163 

8.0 

2.8 

1.8 

84.8 

445 

172 

9.6 

6.8 

4.6 

102.7 

416 

216 

21.2 

—1.7 

87.1 

1/3  Cbsmigals. 


1,452 

764 

41.6 

7.9 

385.0 

679 

328 

18.2 

12.2 

39.6 

493 

222 

8.4 

7.9 

4.6 

639 

214 

10.4 

5.6 

2.0 

521 

189 

10.0 

8.6 

6.2 

931 

575 

31.6 

-.7 

378.8 

2/3  Chxmicaub. 


1,795 

1,147 

57.0 

15.4 

642.0 

988 

515 

28.2 

21.2 

302.0 

594 

255 

9.6 

21.4 

11.6 

664 

237 

8.0 

13.8 

4.6 

516 

242 

10.6 

16.2 

17.8 

1,279 

905 

46.4 

—.8 

624.2 

3/3 

2,523 
1,578 

747 

728 

720 


Chemicals. 


1^803 


1,623 
814 
351 
313 
277 


1,346 


73.2 
53.4 
10.6 
8.8 
10.8 


62.4 


20.3 

27.8 
38.0 
26.0 
27.6 


-7.3 


1,023.0 

23.2 

55.4 

6.2 

7.4 


1,015.6 


17.6 

68.4 

114.0 

177.7 


18.8 

66.1 

126.2 

214.4 


15.5 

73.7 

137.9 

222.2 


*  Figures  show  parts  per  million  of  soil 
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DISCUSSION  OF  RESULTS 

The  application  to  the  various  soils  of  soluble  c(xnpounds  of 
nitrogen,  phosphorus,  and  potassium  has  materially  increased  the 
proportion  of  water  solubles  in  the  soils,  this  increase  being  least 
with  phosphorus  and  largest  with  nitrogen.  These  results  are  in 
accordance  with  existing  knowledge. 

In  general,  these  solubilities  persisted  without  material  change 
in  the  boxes  in  which  the  barley  plant  was  not  growing.  The  results 
were  not  entirely  imiform,  but  justify  the  foregoing  statonent  as 
to  the  persistence  of  compounds  of  these  elements  in  a  water  soluble 
form.  Conditions  under  which  these  observations  were  made  were 
not  similar  to  what  might  exist  in  the  field,  especially  at  the  time  of 
considerable  water  precipitation.  The  fertilizing  materials  were 
mixed  with  thirty  pounds  of  soil,  having  a  depth  of  about  six  inches. 
Probably  in  ordinary  cultivation  the  incorporation  of  fertilizers  in 
the  soil  does  not  reach  this  depth,  but  in  case  of  rains  there  would 
be  movements  of  water  in  the  soil  carrying  the  soluble  compounds  to 
lower  levels  which  might  very  materially  diminish  the  proportion 
of  solubles,  especially  with  the  phosphorus  and  potassium.  Without 
rain,  the  conditions  might  not  be  greatly  unlike  what  existed  under 
forcing  house  conditions. 

The  eflFect  of  the  growth  of  crops  upon  water  solubles  is  shown  to 
be  very  marked.  This  appears  to  be  true  in  the  case  of  the  nine 
different  soils  on  which  two  crops  were  grown.  The  data  found  in 
Table  XI  not  only  give  evidence  of  the  large  increase  in  solubles, 
due  to  the  application  of  fertilizers,  but  also  make  veiy  evident  the 
great  reduction  in  the  water  soluble  compounds  thru  the  growth 
of  two  crops  of  barley  which  were  not  harvested  imtil  maturity. 

In  the  case  of  a  single  soil  taken  from  the  Station  farm  the  boxes 
were  seeded  on  January  24.  On  March  18,  the  immature  barley  was 
harvested  on  certain  of  the  boxes.  The  amount  of  dry  matter  in 
the  crop  harvested  at  that  time  was  found  to  vaiy  from  16.4  to  18.8 
grams  per  box.  Notwithstanding  this  small  growth,  a  very  large 
proportion  of  the  water  soluble  nitrogen  and  potassium  had  been 
utilized  by  the  plants.  On  April  15,  the  growtji  of  dry  matter  had 
increased  to  57  grams  per  box  where  no  chemicals  were  applied,  and 
to  73.7  grams  in  the  boxes  receiving  the  full  application  of  chemicals. 
A  still  further  decrease  in  water  solubles  had  taken  place.  On  May  10, 
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with  much  increased  productiaa  of  dry  matter,  the  water  solubles 
had  remained  practically  imchanged,  which  was  also  true  when  the 
full  crop  of  mature  plants  was  harvested  on  June  first. 

The  striking  facts  in  this  connection  are  that  the  plants  utilized 
the  soluble  material  and  that  the  reduction  of  this  material  in  the 
soil  was  rapid  even  before  the  plants  had  attained  considerable 
growth.  In  the  later  stages,  the  water  solubles  seemed  to  be  main- 
tained somewhat  on  a  level,  which  was  not  greatly  different,  with 
the  exception  of  the  phosphorus,  from  the  levels  in  boxes  receiving 
DO  fertilizer.  These  observations  agree  with  former  conclusions 
that  there  is  a  proportion  of  water  solubles  maintained  in  the  soil 
at  nearly  a  constant  level,  irrespective  of  the  growth  of  vegetation 
which  the  soil  is  sustaining. 

It  would  seem  that  the  data  acquired  from  these  studies  have  a 
significant  bearing  on  the  importance  of  the  solubiUty  of  the  essential 
ingredients  of  fertiHzers,  especially  in  the  production  of  quick]^ 
growing  crops.  Plants  accumulate  a  large  proportion  of  the  needed 
nitrogen  and  ash  ingredients  during  the  early  stages  of  growth  and 
in  forcing  house  culture,  in  vegetable  gardening,  and  for  the  growth 
of  such  crops  as  cabbages,  potatoes,  and  wheat  an  adequate  supply 
of  immediately  available  food  would  seem  to  be  a  prerequisite  for 
successful  cropping. 


A  PROGRESS  REPORT  OP  FERTILIZER  EXPERI- 
MENTS WITH  FRUITS  ♦ 

R.  C.  COLLISON 

SUMMARY 

Ezperiments  on  the  fertilization  of  fruit  treesi  including  tlie 
apple,  peaTi  and  cheny,  and  also  similar  ezperiments  with  grapes 
are  here  reported. 

This  is  intended  for  a  progress  report  covering  the  years  igi2  to 
zgiQi  inclusive. 

A  general  plan  of  fertilizer  treatment,  based  on  data  showing  the 
quantities  of  plant  food  removed  by  trees  and  on  general  practice, 
was  adopted.  This  plan  was  different,  however,  for  nursery  stock 
and  for  grapes. 

Records  of  growth  increase  and  of  yields  of  fruit  were  taken  in 
all  cases. 

APPLE 

Three  apple  orchards  were  under  experiment  and  were  located 
on  soils  more  or  less  representative  of  the  fruit  soils  of  the  State. 
Two  were  Baldwin  orchards  in  their  prime,  the  third  a  young  Spy 
orchard  not  yet  bearing.  The  two  Baldwin  orchards  have  given 
erratic  results  in  yield  and  growth,  which,  together  with  data  on 
growth  from  one  of  the  ordiards  for  five  years  previous  to  the 
experiment,  force  us  to  conclude  that  variations  in  results  as  between 
plats  have  been  due  to  factors  other  than  fertilizer  treatment. 

In  the  Spy  orchard  growth  has  been  generally  increased  by  fertil- 
izers, but  rather  inconsistently  as  between  different  treatments. 

No  significant  differences  were  noted  in  color  and  size  of  fruit 

CHEBKY 

The  experiment  reported  was  for  one  Montmorency  orchard  on 
Ontario  loam  soil. 

In  this  orchard,  fertilizers  have  increased  yields,  this  being 
particularly  true  of  nitrogen  and,  to  a  less  extent,  of  phosphorus 
and  potassium.    If  these  increases  are  calculated  to  a  cost  basis, 

•  Reprint  cf  BuUetin  No.  477.  June.  1920. 
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howeveri  fertilization  has  been  made  at  a  loss  financially^  The 
powfli  of  the  trees  has  also  been  increased  to  some  extent  by 
fertilizers. 

PEAB 

One  young  Kieffer  pear  orchard  was  fertilized  according  to  the 
general  plan,  but  unfortunately,  two  years'  fertilization  were  omitted 
from  the  seven  year  periodi  so  that  up  to  the  present  time  too  rigid 
conclusions  cannot  be  drawn.  The  orchard  is  admirably  situated 
for  an  experiment  of  this  type,  so  that  the  next  five  years'  results 
may  be  significant. 

GRAPE 

A  young  vineyard  of  Concord  grapes  of  about  four  acres  in  extent 
in  Chatauqua  County  was  placed  under  systematic  fertilizer  treat- 
ment in  1913.  The  plan  included  previous  drainage  and  soil  treat- 
ment General  basal  soil  treatment  was  emphaalzed  rather  than 
the  yearly  application  of  fertilizer  combinations.  Up  to  the  present 
time  the  indications  are  that  available  nitrogen  may  be  a  factor 
in  the  vineyard.  One  of  the  duplicate  series  of  plats  wQl  be  arranged 
in  1920  to  give  comparisons  of  nitrogeui  phosphorus,  and  potassium. 
Manure  will  also  be  included. 

APPLE  NURSERY   STOCK 

Fertilizers  were  applied  to  newly  budded  nursery  stock  of  three 
varietiesi  Baldwin,  Oldenburg,  and  Mcintosh.  The  Baldwins  have, 
in  the  same  period,  made  larger  trees  than  either  Oldenburg  or 
Mcintosh.  Rock  phosphate  and  manure  and  rock  phosphate  and 
potash  have  increased  the  growth  of  the  Mcintosh  and  Baldwin 
stock.  Potash  alone  apparently  increased  the  growth  of  Mcintosh, 
but  not  of  Baldwin.  Nitrate  of  soda  in  no  case  seems  to  have 
increased  growth. 

These  seven  to  eight  years'  results  in  the  fertilization  of  different 
fruits  have  not  strengthened  the  writer's  opinion  of  the  value  of 
fertilizer  experiments  with  tree  fruits.  It  was  thought  that  several 
of  die  soils  used  would  respond  to  fertilizer  treatment  with  trees. 
Possibly  the  next  five  years  will  give  more  positive  results.  From 
the  data  at  hand,  one  must  conclude  that,  in  general,  on  our  better 
fruit  soils  differences  in  growtii  and  yields  due  to  other  causes  have 
far  outweighed  those  due  to  the  fertilizer  treatments. 
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INTRODUCTION 

In  the  spring  of  1896,  an  experiment  was  begun  at  this  Station 
on  fertilizing  Rome  Beauty  apples.  In  1911  the  results  of  15  years' 
work  were  pubhshed  as  Bulletin  No.  339  from  this  Station. 

It  is  necessary  to  quote  <xily  one  paragraph  from  the  sunmiary 
of  this  bulletin  to  explain  why  the  work  on  orchard  fertilization  has 
been  extended  and  broadened  into  the  experiments  reported  in  the 
present  publication.  The  paragraph  is  as  follows:  "The  trees  in  this 
experiment  would  have  been  practically  as  well  off  had  not  an  ounce 
of  fertilizer  been  apphed  to  them.  One  must  conclude  that  if 
fertilizers  have  no  value  in  this  orchard,  they  have  no  value  in  many 
other  orchards  in  New  York." 

To  determine  to  what  extent  this  conclusion  was  applicable  to 
other  orchards  on  different  soils,  a  number  of  orchards  were  chosen, 
in  the  years  1912  and  1913,  including  apple,  pear,  peach,  and  cherry, 
carefully  platted,  and  placed  under  fertilizer  experiment. 

The  experiments  were  originally  planned  as  cooperative  ones 
between  the  Departments  of  Soils  and  Horticultxu'e.  The  sites  of 
these  orchards  were  selected  by  U.  P.  Hedrick,  Horticulturist,  and 
J.  F.  Barker,  former  Agronomist.  The  general  fertilizer  treatment 
was  planned  by  J.  F.  Barker;  and  the  work  was  then  placed  under 
the  care  of  the  writer,  who  has  remained  in  charge  to  the  present 
time. 

The  writer  here  wishes  to  express  his  sense  of  obligation  to  both 
these  men  for  their  cooperation  and  for  many  valuable  suggestions. 

GENERAL  PROBLEM 

Comparatively  little  is  definitely  known  concerning  the  food  require- 
ments of  fruit  trees.  What  data  we  have  on  the  subject  are  the 
results  of  a  few  experiments  which  have  been  made  imder  widely 
different  conditions,  together  with  a  small  amount  of  chemical  data 
as  to  the  composition  of  the  tree  and  its  products  of  growth. 

It  is  obviously  impossible  to  place  the  tree  imder  controlled  con- 
ditions as  in  the  case  of  some  smaller  agricultural  plants,  because 
we  are  particularly  interested  in  the  tree  during  its  bearing  period. 
It  can  be  safely  stated  that  a  tree  requires  the  same  plant  food  ele- 
ments as  do  other  crops,  but  what  proportion  and  amount  wiU  be 
profitable  in  any  given  case  is  another  question. 
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As  pointed  out  by  Hedrick  (1911)/  a  number  of  very  important 
differenoes  between  fruit  trees  and  ordinary  farm  crops  make  the 
problem  of  the  requirements  of  trees  a  difficult  one. 

If  a  fertilizer  experiment  on  trees  could  be  continued  over 
a  period  of  100  years,  the  effects  of  the  exhaustion  of  plant  food 
might  readily  show  themselves  in  even  the  most  fertile  soils  and 
under  the  best  cultural  conditions,  providing  no  plant  food  was 
returned  to  the  soil.  It  is  a  general  law  of  nature  that  no  crop  can 
be  removed  from  a  soil  year  after  year  without  ultimate  exhaustion 
of  fertility  and  a  final  lowering  of  crop  yields.  At  what  particular 
time  the  manifestation  of  such  a  law  makes  itself  felt  in  the 
case  of  the  orchard  depends  on  many  factors  such  as  the  natural 
fertility,  size,  kind,  and  number  of  crops  removed,  fertility  replaced 
either  as  fertilizer  or  in  crop  residues,  loss  from  the  soil  in  drain- 
age etc.  • 

These  factors  may  not  vitally  concern  the  present  orchard-man  but 
may  concern  his  great  grandchildren.  In  other  words  the  subject 
bears  some  relation  to  the  conservation  problem. 

About  all  that  can  be  said  with  regard  to  any  experiment,  which 
has  been  carefully  planned  and  carried  out,  is  that  such  and  such 
facts  came  to  light  under  the  conditions  of  that  particular  experiment, 
and  that  they  might  be  more  or  less  appUcable  elsewhere,  providiag 
conditions  were  similar. 

WORK  ALREADY  DONE  ON  THE  SUBJECT 

While  noting  the  work  which  has  abeady  been  done  in  a  systematic 
way  on  this  important  subject,  it  was  thought  best  to  first  give  some 
reasons  for  the  supposed  necessity  of  fertilization,  also  something  of 
the  functions  of  the  fertilizer  constituents  in  the  physiology  of  growth 
and  fruit  production. 

Of  the  many  chemical  elements  present  in  the  environment  of 
the  plant  only  ten  seem  to  be  essential  to  normal  growth,  namely, 
nitrogen,  hydrogen,  oxygen,  carbon,  phosphorus,  potassium,  sulfur, 
caldum,  magnesium,  and  iron.  In  some  plants  chlorine,  silicon,  and 
aodiuin  also  seem  necessary.  Only  three  of  the  ten  elements  men- 
tioned are  usually  important  from  the  standpoint  of  fertilization, 
namely y  nitrogen,  phosphorus,  and  potassium;  while,  in  many  soils, 

^Eefeie&fle  to  Literature  Cited,  p.  100. 
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calcium  should  be  included,  and  in  a  few  sulfiir  also.  We  wiU  here 
confine  oiu*selves  to  the  foiu*,  nitrogen,  phosphorus,  potassium,  and 
calciiun  or  lime. 

IMPORTANCE  OP  NITROGEN 

Of  all  the  elements  essential  to  plant  growth,  nitrogen  is  perhaps 
the  most  important.  Nitrogen  enters  into  the  structure  of  the  grow- 
ing cell  of  the  plant  and  is  absolutely  necessary  for  the  production 
of  leaf,  wood,  seed,  and  fruit.    It  is  also  found  in  cell  sap. 

Nitrogen  fertilization  tends  to  increase  the  luxuriance  of  the  leaves, 
stems,  and  vegetative  organs,  while  such  plants  are  usually  darker 
green.  When  nitrogen  is  excessive,  there  is  a  tendency  for  the  plant 
to  produce  no  reproductive  organs  and  seeds. 

Maze  (1916)  found  that  0.5  gram  in  1000  of  ammonium  salt  and 
2  grams  per  1000  of  nitrate  injured  many  plants. 

Remy  (1913)  found,  with  apples  and  dwarf  pears,  that  nitrogen  was 
necessary  for  abundant  fruit-bud  production.  He  also  foimd  that 
the  nitrogen  content  of  leaves  varied  with  the  amount  of  nitrogen 
appUed.  Where  nitrogen  was  withheld  the  phosphorus  content  of 
the  leaves  was  higher. 

Alderman  (1915),  at  the  West  Virginia  Station,  found  that  nitrogen 
on  peaches  gave  the  best  results  of  all  incomplete  fertilizers.  It 
increased  vigor,  foliage,  and  fruit.  The  fruit,  however,  developed 
less  color.  It  has  been  noted  in  many  cases  that  nitrogen  has  this 
effect  on  color.  This  may  be  due  both  to  a  direct  action  on  the  tissue 
changes,  which  results  in  pigment  production,  and  to  the  production 
of  denser  foliage  which  protects  the  fruit  from  simlight,  a  necessary 
factor  in  color  change.  Observations  seem  to  indicate  that  it  is 
largely  the  latter. 

Whitten  (1917)  of  the  Missouri  Station  found  that  nitrogen  pro- 
duced greater  vigor  in  peach  trees,  either  when  used  alone  or  in 
combination.  With  apples,  there  was  more  blight  on  the  nitrc^en 
rows.  Whitten  and  Wiggans  (1917)  of  the  same  station  also  found 
that  with  peaches  nitrogen  fertilization  resulted  in  better  and  larger 
trees ;  but  that  the  fruit  on  these  trees  was  smaller  in  size,  altho  greater 
in  quantity.  This  was  true  of  both  nitrate  of  soda  and  dried  blood. 
In  some  cases  the  number  of  peaches  was  increased  50  per  cent 
but  the  individuals  averaged  only  60  per  cent  of  the  weight  of  those 
on  the  check  trees.  They  also  found  that  nitrogen  increased  the 
number  of  apples  on  trees  just  coming  into  bearing. 
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Woods  (1918)  reports  that  at  the  Maiixe  Station  an  application  of 
1000  pounds  per  acre  of  a  5^8-7  fertilizer  was  made  to  Baldwin 
apple  trees  and,  in  addition,  to  some  of  the  trees  was  added  100 
pounds  of  nitrate  of  soda  per  acre.  It  was  found  that  there  was  no 
increase  in  growth  and  yield  due  to  the  increased  nitrogen. 

The  Ohio  and  Pennsylvania  Stations  report  large  increases  in 
yield  of  apples  from  nitrogen  fertilization. 

At  the  New  Jersey  Station,  Blake  and  Farley  (1912)  report  a  gain 
'm  size  of  fruit  in  apples  due  to  nitrogen,  with  very  little  difference 
in  time  of  ripening.  As  the  trees  advanced  in  age,  the  yield  was 
increased  by  nitrogen. 

At  the  Delaware  Station,  Neale  (1891)  reports  an  increased  average 
growth  of  new  wood  in  peaches  due  to  the  addition  of  nitrate  of  soda. 

IMPORTANCE  OF  PHOSPHORUS 

Phosphorus  is  an  important  constituent  of  many  proteins  and  is 
essential  to  the  development  of  the  cell.  It  is  present  in  large  amount 
in  seeds  and  is  necessary  to  their  development.  Phosphorus  con- 
stitutes a  large  part  of  the  ash  of  seeds.  The  assimilation  of  this 
element  is  rapid,  and  takes  place  largely  during  the  early  stages  of 
growth.  The  element  must  be  presented  to  the  plant  in  highly  oxi- 
dized forms,  such  as  salts  of  phosphoric  acid.  Phosphorus  is  a  con- 
stituent in  which  many  soils  are  low  and  with  many  soils  it  is 
probably  the  element  most  likely  to  be  a  limiting  factor  in  ordi- 
nary farm  crop  production. 

For  practical  purposes,  data  on  the  effect  of  phosphorus  in  tree 
growth  and  fruit  production  are  very  scarce. 

Alderman  (1915)  of  the  West  Virginia  Station  states  that  on  a  thin 
shale  soil  basic  slag,  which  is  a  common  phosphorus  fertilizer,  caused 
less  vigorous  foliage  and  higher  color  of  fruit.  Acid  phosphate,  at 
the  rate  of  from  2  to  6  pounds  per  tree,  produced  no  effect  on  fruit, 
foliage,  or  wood;  while  dissolved  bone,  5  pounds  per  tree,  produced 
a  slight  benefit. 

Neale  (1891)  found  that  phosphorus  alone  gave  considerable 
increase  in  new  wood  with  a  block  of  144  peach  trees.  When  com- 
bined with  nitrogen  there  was  still  a  good  increase,  but  with  potassium 
no  increase  was  obtained. 
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The  New  York  and  New  Hampshire  Stations  report  no  benefit 
from  phosphorus  on  apples.  The  Pennsylvania  Station  reports  no 
effect  of  phosphorus  alone  on  yield  or  growth  of  apples,  but  a  small 
effect  when  combined  with  nitrogen. 

importance  of  POTASSniM 

Potassium  seems  to  be  an  essential  element  in  the  protoplasm 
of  all  cells.  It  is  one  of  the  least  variable  of  the  elements,  being  dis- 
tributed fairly  uniformly  thruout  the  entire  plant.  Potassiimi  occurs 
combined  with  organic  acids  in  cell  sap  and  so  may  be  important  in 
regulating  the  acidity  of  the  sap.  It  seeins  to  be  important  in  main- 
taining cell  turgidity.  Plant  tissues  high  in  reserve  carbohydrate 
seem  to  be  high  in  potassium  so  that  the  element  is  thought  to  be 
essential  to  the  fixation  of  carbon.  The  dry  matter  of  potato  tubers 
contains  2.3  per  cent  of  potash,  that  of  grapes  3  per  cent,  and  of 
mangles  4  per  cent.  It  is  taken  up  by  plants  largely  as  nitrate, 
chloride,  carbonate,  sulphate,  and  phosphate.  Most  of  our  clays  and 
loams  and  many  sandy  soils  contain  large  amoimts  of  potassium. 
This  element  is  usually  present  in  soil  in  comparatively  insoluble 
minerals  so  that  the  amoimt  which  becomes  soluble  per  season  may 
be  insufficient  for  maximum  crop  growth. 

Alderman  (1915)  found  that  1  pound  miuiate  of  potash  per  tree 
checked  the  growth  of  young  peach  trees  sUghtly,  2  pounds  were 
quite  detrimental,  and  2.5  poimds  killed  the  tree.  With  the  sulphate, 
vigor  was  not  increased,  but  a  larger  quantity  could  be  used  without 
injury  to  the  trees. 

It  has  sometimes  been  thought  that  potash  salts  tend  to  increase 
color  in  fruits;  but  the  indications  are  that,  in  most  cases,  this  is  due 
to  the  presence  of  less  foliage  on  the  potash  fertilized  trees  allow- 
ing access  of  sunlight. 

Whitten  and  Wiggans  (1916)  found  that  potash  had  no  influence  on 
the  yield  of  apples  or  peaches,  and  that  when  used  alone  it  gave  less 
yield  than  the  check.  Potash  and  phosphoric  acid  combined  also 
gave  no  increase  in  yield. 

Dayton  and  Voorhees  (1896)  and  Blake  and  Farley  (1912)  of  the 
New  Jersey  Station  foimd  that  miniate  of  potash,  groimd  bone,  and 
acid  phosphate  together  gave  greatly  increased  yields  of  apples  of 
five  varieties,  but  no  increase  with  Baldwin.    They  also  report  an 
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increase  in  peaches  due  to  potash.  These  experiments  were  made  on 
a  strong  loam  soil. 

Stewart  (1918)  of  the  Pennsylvania  Station  reports  increased  3delds 
in  three  orchards  from  potash  alone  or  in  combination,  with  some 
increase  also  in  size  of  fruit,  but  in  two  other  orchards  it  apparently- 
had  an  injurious  effect. 

Hedrick  and  Gladwin  (1914)  of  the  New  York  Station  found  that 
potassium  slightly  increased  the  size  of  the  grape  leaf  and  the  growth 
of  wood. 

(Sourley  (1914)  of  the  New  Hampshire  Station  also  foimd  that 
potash  increased  the  size  of  fruit. 

IMFOBTANCE  OF  LIMB 

lime  has  two  important  fimctions  in  the  economy  of  the  plant. 
The  first  has  to  do  with  the  calciimi  metabolism  of  the  plant,  this 
element  being  one  of  the  essential  ones  in  growth.  However,  since 
comparatively  few  soils  have  so  low  a  calciimi  content  that  plants 
suffer  from  calcium  starvation,  we  will  confine  ourselves  to  the  second 
important  fimction,  that  of  the  influence  of  lime  on  soil  reaction. 
This  function  is  really  not  one  of  calcium  at  all  but  of  the  properties 
of  calcium  salts,  such  as  the  hydroxide  and  carbonate,  in  neutralizing 
acids  or  furnishing  base.  This  same  purpose  is  served  by  many  other 
compounds;  but  as  carbonate  and  hydroxide  of  calcium  are  the  forms 
commonly  used,  the  subject  is  discussed  imder  the  above  heading. 
Very  httle  is  known  regarding  the  effect  of  reaction  of  soil  on  trees. 
Many  soils  may  have  an  acid  reaction  in  their  surface  depth,  but  the 
reverse  in  their  subsoil,  so  that  the  fact  that  trees  grow  on  soil  which 
has  an  acid  reaction  may  not  indicate  that  they  are  not  susceptible 
to  acidity. 

It  is  a  well  known  fact  that  many  species  of  plants  are  highly 
susceptible  to  reaction  of  the  medium,  while  others  are  quite 
tolerant,  and  still  others  actually  thrive  in  a  medium  deficient 
in  base. 

About  all  the  data  we  have  on  this  subject  as  regards  trees  are 
some  scattered  observations.  Table  2,  giving  the  amounts  of  plant 
food  used  by  fruit  trees,  indicates  that  Ume  in  large  quantity  is 
used  by  trees,  especially  peach  trees. 
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Rousseaux  and  Chappaz  in  France  found  that  the  grape  vine 
removes  more  lime  from  a  high  lime  soil  than  all  other  plant  food 
combined.    It  removed  three  times  as  much  lime  as  potash. 

Carmody  (1912)  in  Victoria  states  that  it  is  a  common  observation 
that  fruit  buds  of  trees  grown  on  soiu-  soils  are  of  weak  or  indefinite 
character;  the  bark  is  dry  in  appearance,  and  the  growth  more  or 
less  stimted.  This  is  particularly  true  on  heavy  cla3rs.  On  soils 
rich  in  lime  the  wood  is  matured  earlier  and  fruit  buds  are  more  robust. 
ile  also  states  that  it  is  recognized  that  trees  are  less  prolific  on  soils 
deficient  in  lime.  These  observations  were  especially  true  of  stone 
fruits. 

Jenkins  (1905)  reports  that  the  Ck>nnecticut  Station  used  lime  on 
peaches  in  a  fertilizer  experiment  in  progress  since  1899.  They  found 
'luring  several  years  that,  altho  peach  yellows  appeared  in  some  of 
the  plats,  there  was  none  found  on  the  lime  plats. 

Dayton  and  Voorhees  (1894),  from  8  years'  work  with  peaches, 
report  a  much  smaller  net  increase  of  fruit  on  the  manure  and  lime 
plat  than  on  the  plat  receiving  manure  alone. 

Alderman  (1915)  in  work  with  peaches  reports  that  the  influence 
of  lime  could  not  be  definitely  determined,  and  must  be  regarded 
as  largely  negative,  otherwise  the  production  was  somewhat 
increased. 

Hedrick  (1911)  and  Hedrick  and  Gladwin  (1914)  in  fertilizer 
experiments  with  Rome  Beauty  apple  trees  and  Concord  grapes, 
state  that  lime  was  probably  not  a  limiting  factor  in  the  experi- 
ments. In  the  experiment  with  grapes,  lime  did  not  affect  the 
vines  in  the  least. 

Gourley  (1914)  foimd  that,  in  a  fertilizer  experiment  with  apples, 
Ume  did  not  affect  any  of  the  factors  considered  in  the  experiment. 

Stewart  (1918)  in  extensive  experiments  with  fertilizers  on  apple 
orchards,  reports  that  lime  has  had  no  important  influence  on  yield  or 
growth. 

USE  OF  MANURE  IN  ORCHARDS 

It  IB  frequently  a  common  practice  to  use  manure  in  orchards 
and  in  a  number  of  fertilizer  experiments  a  manure  treatment  has 
been  included.  Besides  carrying  considerable  nitrogen  and  some 
potash  and  phosphoric  acid,  manure  might  also  be  expected  to  affect 
trees,  either  beneficially  or  otherwise,  thru  its  organic  matter  content. 
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In  a  number  of  experimeEitB,  manure  has  usually  had  the  same  effect 
as  other  nitrogen  carriers. 

Garcia  (1917)  of  the  New  Mexico  Station,  reports  that  peach  trees 
treated  with  manure  declined  very  materially  and  showed  much 
chlorosis. 

Ballou  (1912)  of  the  Ohio  Station  reports  that  stable  manure, 
while  of  unquestioned  value  in  the  orchard,  is  much  slower  in  its 
action  than  nitrate  of  soda  or  tankage. 

Dayton  and  Voorhees  (1895)  report  a  large  net  increase  in  yield 
of  peaches  on  a  manured  plat. 

Stewart  (1918),  in  fertilizer  experiments  with  apples,  found  that 
manure  usually  secured  a  fair  increase  in  size  of  fruit,  due  probably 
to  its  moisture  conserving  effect.  Otherwise  it  acted  very  much 
like  other  nitrogen  carriers. 

Hedrick  (1911)  secured  no  significant  increases  in  yield  from  manure 
cm  apples. 

Undoubtedly  the  increase  in  moisture-holding  capacity  of  a  soil 
is  one  of  the  main  values  of  manure  in  an  orchard  or  other  soil. 

GENERAL   CONCLUSIONS  OF  OTHER  INVESTIGATORS 

As  r^ards  the  general  practice  of  fertilizing  orchards,  the  fol- 
lowing conclusions  have  been  drawn  by  a  number  of  investigators, 
both  as  results  of  experiment  and  observation. 

The  Wobum  Experimental  Fruit  Farm  (1917)  in  England  reports, 
after  many  years  of  experimental  work,  that  apple  trees  grown  in 
soils  similar  to  those  in  which  farm  crops  were  grown  did  not  respond 
favorably  to  manurial  dressings  of  any  kind. 

Rivi&re  and  Bailbache  (1914),  in  France,  state  that  the  indications 
are  that  complete  fertilizers  may  retard  rather  than  hasten  the  ripen- 
ing period  of  pears. 

Whitten  and  Wiggans  (1915)  report  that  in  their  orchard  nutrition 
studies  the  peach  was  the  only  fruit  which  had  so  far  shown  an 
increase  from  fertilizers. 

Alderman  (1916)  states  that  fertilizers  would  be  wasted  in  many 
orchards  especially  when  cultivated,  while  orchards  in  sod  or  low 
in  vigor  would  respcmd  to  nitrogen  and  perhaps  to  phosphorus. 
In  work  with  peaches  on  thin  shale  soil,  Alderman  (1915)  concludes 
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that  nitrogen  is  necessary,  but  that  the  benefit  from  phosphorus  and 
potassium  is  questionable. 

Neale  (1894)  states  that  one  thing  was  apparent  in  their  results 
with  peaches,  namely,  that  no  one  could  advise  fertilization  of  any 
kind  in  their  orchard  with  the  expectation  of  paying  returns. 

Holladay  (1893)  of  the  Virginia  Station,  in  a  fertilizer  test  on  grapes, 
concludes  that  nitrogen,  phosphorus,  and  potassium  are  all  needed 
for  the  vine  on  their  soil. 

Blake  (1909)  recommends  for  peaches  an  annual  application  of  150 
pounds  per  acre  of  muriate  or  sulphate  of  potash,  100  pounds  of 
ground  bone,  and  200  pounds  of  acid  phosphate. 

Ballou  (1912)  fertilized  a  number  of  orchards  in  sod  on  the  poorer 
soils  of  southern  Ohio  and  greatly  increased  the  returns.  The  trees 
responded  more  quickly  to  nitrogen  than  to  phosphorus  and  potassium. 
He  states  that  no  results  of  value  would  accrue  from  fertilizing 
orchards  on  fertile  soil  which  already  contains  sufficient  plant  food 
for  growth  and  fruiting. 

Brooks  (1910)  of  the  Massachusetts  Station,  in  a  15  year  experi- 
ment with  apples  of  four  varieties  in  sod,  found  that  iJl  fertilizers 
used  greatly  increased  yield. 

Hedrick  (1907  and  1911)  and  Hedrick  and  Gladwin  (1914)  found 
that  fertilizing  a  cultivated  apple  orchard  on  good  soil  did  not  pay; 
but  in  a  vineyard,  on  soil  of  only  fair  fertility,  nitrogen  proved  a 
limiting  factor,  but  potassium  and  phosphorus  were  not  profitable. 

Stewart  (1918),  in  a  number  of  apple  orchards  mainly  in  sod  and 
on  a  variety  of  soils,  found  that  nitrogen  and  in  some  cases  also 
potassium  and  phosphorus  were  valuable  in  increasing  yield  and 
growth.  In  one  orchard,  on  poor  soil,  no  kind  of  fertilization  had  paid 
up  to  the  time  of  reporting  results. 

Gourley  (1914),  in  a  Baldwin  apple  orchard  under  cultivation, 
received  no  cash  retiuns  from  money  invested  in  fertilizers. 

SUMMARY  OP  WORK  OP  OTHER  INVESTIGATORS 

In  the  foregoing  discussion,  among  the  many  different  results 
obtained  and  opinions  cited,  several  striking  observations  may  be 
made  as  follows: 

1.  That  results  from  the  fertilization  of  fruit  trees  have  not  been 
uniform. 
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2.  That  species  of  fruits  apparently  differ  in  their  response  to 
fertilizer  treatment. 

3.  That  conditions  under  which  various  results  were  obtained 
have  been  very  different. 

4.  That  the  subject  of  orchard  fertilization  is  not  settled. 

SOURCES  OF  ERROR  IN  ORCHARD  FERTILIZATION 

EXPERIMENTS 

In  addition  to  the  common  sources  of  error  affecting  annual  field 
crop  experiments,  the  orchard  is  subject  to  many  influences  peculiarly 
its  own  including  the  following: 

1.  Non-imiformity  of  soil  in  large  plats. 

2.  Differences  in  size,  vigor,  and  character  of  trees. 

3.  Necessity  of  basing  interpretations  On  a  small  population. 
Not  many  orchards  in  the  State  furnish  the  required  number  of 
trees  on  uniform  soil  which  would  permit  of  the  use  of  a  large  number 
of  trees  for  each  treatment. 

4.  DiflSculty  of  replication  of  treatments.  When  the  plan  of 
separating  the  treated  rows  by  discard  rows  of  trees  is  followed, 
replications  are  usually  impossible  on  account  of  the  limitations 
imposed  by  size  of  orchards  and  character  of  the  soil. 

5.  Possible  differences  in  productiveness  of  trees  from  unknown 
stock. 

6.  Uncertainties  connected  with  cooperative  experiments  in  which 
entire  supervision  by  the  experimenter  is  impossible. 

Many  of  the  influences  affecting  orchards  operate  in  a  more  or 
less  hit-and-miss  fashion.  For  example,  an  insect  infestation  usually 
begins  at  a  certain  spot  and  spreads  from  there  as  a  center;  and 
this,  even  if  checked  promptly,  often  results  in  seriously  and  unequally 
affecting  yields. 

Carelessness  in  the  usual  operations  of  spraying  may  seriously 
affect  uniformity  of  yield.  Careless  pickers  may  greatly  increase 
the  percentage  of  drop  apples.  In  fact,  there  are  many  influences 
affecting  results  which  are  peculiar  to  orchard  experiments. 
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PRESENT  INVESTIGATION 


DATA  ON  THE  EXPEREMENTB 


The  various  sites  selected  (Table  1)  for  the  purpose  of  the  experi- 
ments were  examined  carefully  with  the  following  requirements  in 
view:  Uniformity  as  to  drainage,  topography,  and  character  of  soil; 
uniformity  as  to  age  and  vigor  of  trees;  and  with  reference  to  previous 
management. 

Tabub  1. —  Data  on  thb  ExpSBiiiBNTa. 


Pbuit 


Apple.. . . 
Apple. . . . 

Apple.... 

Pear 

Peach .... 

Cherry.. . 

Nursery 
stock, 
apples. 

Grape. . . . 


Orchabd 


Densmore-Chapman. . 
Auchter-Vick     A    Dil- 

dine 

Great  Bear 

Howard 

King 

O'NeiL 

Smith  Nursery 

Stone  Vineyard 


Location 


Num- 
ber OF 


Albion 

Rochester. . . 

Fulton 

Kinderhook . . 
Tnimansburg 
Geneva 

Geneva 

Fredonia .... 


264 

290 
252 
504 
500 
528 


6600 
4  acres 


Aqb  of 

TBBBS  AT 

BBGINNINO 

OF  BXFBEI- 

MENT 


33  years 

37  years 
4  years 
Just  set 
8  years 

5-6  yean 


YSAB 


MENT 
BBOAN 


1912 
1914 

1913 
1912 
1912 
1913 


1912 
1912 


Too  many  plat  experiments  have  been  made  on  land  which,  for 
various  reasons,  is  unsuited  to  accurate  work.  The  land  from  its 
very  topography  may  be  illy  fitted  for  experimentation.  Marked 
variations  in  topography  mean  differences  in  drainage  and  leaching. 
The  frequent  differences  in  fertility  and  moisture  between  high  and 
low  points  in  a  field  is  a  matter  of  common  observation. 

Contrary  to  general  opinion,  the  plant  food  elements  from  various 
parts  of  even  the  most  uniform  field  may  vary,  sometimes  within 
wide  limits.  Waynick  (1918)  in  a  statistical  study  of  the  variability 
of  a  Califomia  soil  especially  with  reference  to  nitrification,  found 
that  among  81  samples  of  surface  soil  taken  systematically  from  what 
would  generally  be  considered  a  very  uniform  plat,  100  feet  in 
diameter,  the  nitrates  varied  widely.  The  extremes  were  20  and 
90  poimds  nitrate  nitrogen  per  acre  six  inches,  while  the  subsoil 
to  a  depth  of  24  inches  varied  even  more.  Biochemical  factors,  as 
evidenced  by  nitrate  production,  varied  within  still  wider  limits. 
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Such  variations  in  an  apparently  unifonn  plat  would  indicate  the 
importance  of  securing  ihe  greatest  uniformity  possible  in  texture 
and  fertility  of  soil  for  plat  experiments. 

In  selection  of  trees,  attention  must  be  given  to  imiformity  in 
vigor  and  size.  A  sufficient  number  of  trees  should  be  averaged  to 
make  comparison  justifiable.  After  these  factors  are  considered, 
there  still  remains  the  very  important  one  of  individuality  of  trees. 
As  the  selection  of  stock  and  planting  of  the  orchards  in  no  case  was 
under  the  control  of  the  investigator  in  these  experimentSi  this 
factor  may  be  an  operative  one. 

Some  trees  under  similar  conditions  seem  to  produce  better  than 
others.  Of  course  this  may  have  nothing  to  do  with  tree  individuality 
and  may  be  due  to  other  causes,  but  the  fact  remains  that  one  tree 
may  produce  15  barrels  of  apples  while  another  next  to  it  of  similar 
size  and  vigor  may  produce  5  barrels. 

In  this  connection  Woods  (1918)  found  that  in  a  Ben  Davis 
orchard  there  were  three  rather  definite  types  of  trees.  One  was 
stocky  with  large  limbs  and  many  fruit  spurs;  a  second  was  quite 
different  in  having  no  large  main  branches,  but  with  the  head  made 
up  of  many  long  slender  limbs  with  the  bearing  wood  at  the  ends; 
and  a  third  type  comprising  an  intermediate  form.  He  found  that 
these  three  types  bore  differently  thruout  the  experiment.  In  fact 
so  marked  was  the  difference  that  some  of  the  trees  had  to  be  dis- 
carded in  writing  up  the  results.  We  assmne,  of  course,  that  in 
a  reasonable  period  of  years  these  inequaUties  as  between  trees  and 
plats  are  balanced,  but  are  they  always  balanced? 

The  forgoing  facts  emphasize  the  importance  of  care  in  selection 
and  the  necessity  of  repetition  for  a  long  period  of  years  before 
any  differences  between  plats  can  be  regarded  as  significant. 

The  report  on  the  experiments  here  described  must  be  considered 
as  an  accoimt  of  progress  only,  and  as  merely  indicative  of  what 
these  orchards  may  be  expected  to  do  under  this  plan  of  fertilization. 
Tlie  next  five  years'  results  may  greatly  alter  the  conclusions  drawn. 

One  other  fact  should  be  mentioned  here,  namely,  the  influence  of 
variety  or  varietal  difference.  It  may  not  always  be  safe  to  compare 
results  in  fertility  tests  on  different  varieties  as  these  may  differ 
in  their  response  to  fertilizers.  To  illustrate  this  point,  in  1896 
the  New  Jersey  Station  began  an  experiment  on  fertilizing  apple 
3 
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trees.  Two  trees  of  each  of  six  varieties  growing  on  a  strong  loam 
sod  were  chosen,  and  were  given  500  pounds  per  acre  annually  of 
a  mixture  of  equal  parts  groimd  bone,  acid  phosphate,  and  muriate 
of  potash.  Another  set  of  two  trees  each  of  the  six  varieties  were 
given  the  same  treatment  with  the  addition  of  150  pounds  nitrate 
of  soda  per  acre.  A  third  set  received  no  fertilizer.  The  trees  began 
to  bear  in  1901.  The  varieties  were  Smith  Cider,  Baldwin,  King, 
Jonathan,  Oldenburg,  and  Gravenstein.  Blake  and  Farley  (1912) 
report  that  phosphorus  and  potash  increased  the  yield  of  all  varieties 
except  Baldwin.  The  addition  of  nitrogen  gave  a  further  increase 
with  Gravenstein  and  Baldwin,  altho  the  yield  of  the  latter  was 
still  far  below  that  of  the  plat  receiving  no  fertilizer.  In  the  other 
four  varieties  nitrogen  apparently  decreased  the  yield.  Altho  these 
results  are  from  very  limited  experiments,  they  are  suggestive. 


PLAN  OF  PLATS  AND  TREATMENT 


In  adopting  any  plan  of  treatment  in  a  plat  experiment  some 
basis  must  be  sought  for  the  determination  of  what  such  treatments 
shall  be.    Precedent  is  not  alwa3rs  a  safe  guide.    Experiments  have 

Table  2. —  FxBTiLinNO  CoNBTrruxNTB  Rbicovbd  bt  Fkuits,  Pounds  pbb  acbb. 


Cbop 


Apple,  total 

**     fruit  only 

'^     nursery  stock 

Peach,  total 

**     fruit  only 

'^     nursery  stock 

Pear,  total 

"     fruit  only 

'^     nursery  stock 

Plum,  total 

**       fruit  only 

'^      nursery  stock 

Grape,  fruit  only 

*^     prunincpi 

Wheat,  20  fau.  plus  IJ  tons  straw 


FzVnUtXSQ  GONaTTTDBNTB 


N 


P.O. 

K.0 

54 

14 

62 

14 

7 

41 

29 

10 

20 

63 

18 

62 

20 

8 

39 

22 

5 

12 

30 

7 

33 

10 

7 

28 

25 

8 

13 

30 

9 

38 

13 

5 

19 

20 

4 

12 

12 

6 

24 

4 

1 

4 

42 

14 

20 

OaO 


57.0 
4.0 


114.0 
1.6 


3.8 
2.2 


41.0 
4.4 


9.0 


Nisw  York  Agricultural  Experiment  Station. 


67 


been  few  or  lacking  altogether,  and  general  practice  varies  from  no 
fertiliser  to  large  quantities,  so  that  it  seems  desirable  to  look  for 
some  other  factors  to  serve  as  a  basis  of  fertilizing  practice. 

Some  light  is  thrown  on  this  question  by  a  study  of  the  amount 
of  plant  food  removed  from  an  acre  by  various  fruits.  In  looking 
up  this  subject,  data  from  various  sources  have  been  brought  together, 
averaged  in  some  cases,  and  Table  2  compiled.  The  fertilizing 
constituents  in  a  crop  of  wheat  of  20  bushels  grain  and  1}  tons  straw 
is  given  for  comparison.  The  apple,  pear,  and  peach  crop  is  figured 
on  a  basis  of  about  20,000  to  25,000  pounds  per  acre.  Such  a  table 
gives  one  an  appreciation  of  the  fact  that  fruit  trees  remove  large 
amounts  of  plant  food  from  the  soil. 


GENERAL  FLAN  OF  TREATMENT 

In  drawing  up  the  plan  given  below  (Fig.  1),  it  was  thought  that 
taking  into  consideration  other  experiments,  the  composition  of  crop 

No.  OF 


Plat 


45  lbs.  nitrogen  from  nitrate  of  soda. 
25  lbs.  phosphorus  from  acid  phosphate. 
100  lbs.  potassium  from  muriate  of  potash. 


No  treatment. 


45  lbs.  nitrogen  from  nitrate  of  soda. 
40  lbs.  phosphorus  from  acid  phosphate. 
50  lbs.  potassium  from  muriate  of  potash. 


45  lbs.  nitrogen  from  nitrate  of  soda. 
40  lbs.  phosphorus  from  acid  phosphate. 


5. 
fi. 

7. 
8. 
9. 

la 
11. 


45  lbs.  nitrogen  from  nitrate  of  soda. 


No  treatment. 


40  lbs.  phosphorus  from  acid  phosphate. 
50  lbs.  potassium  from  muriate  of  potash. 


40  lbs.  phosphorus  from  basic  slag. 

50  lbs  potassium  from  muriate  of  potash. 


120  lbs.  phosphorus  from  raw  rock  phosphate. 
50  lbs.  potassium  from  muriate  of  potash. 


No  treatment. 


40  lbs.  phosphorus  from  acid  phosphate. 
2  tons  ground  limestone  once  in  3  years. 


Fio.  1. —  Abbanoement  and  Gikhbal  Tbbatmbnt  of  thb  Plats. 
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removed,  and  general  fertilizer  practice,  the  amounts  of  plant  food 
given  in  each  case  represented  a  sufficient  amount  for  full  crop 
production  and  for  fertility  maintenance. 

It  should  be  e}q>lained  that,  owing  to  .the  high  price  and  scarcity 
of  potash  salts  during  the  period  of  the  war,  no  potash  was  applied 
to  these  orchards  during  1916  and  1917.  During  these  two  years 
also,  dried  blood  was  substituted  for  nitrate  of  soda. 

As  it  was  considered  desirable  to  carry  out  the  general  rule  of 
having  every  treated  and  check  plat  protected  on  each  side  by  a 
discard  row  of  trees,  thus  preventing  the  carrying  over  of  fertilizer, 
practically  twice  the  number  of  tree  rows  was  necessary,  so  that  the 
problem  of  securing  an  orchard  large  enough  and  uniform  enough 
was  doubled.  This  rule  also  made  it  necessary  to  limit  the  number 
of  treatments  to  those  given  in  the  outline.  In  fact,  in  several  cases 
the  full  11  plats  were  not  obtainable.  It  would  have  been  interesting 
and  desirable  to  have  included  a  manure  plat  and  possibly  some 
others  in  the  experiments,  it  this  could  have  been  done. 

The  general  cultural  conditions  are  described  imder  the  sections 
devoted  to  each  orchard.  In  cooperative  experiments  there  is  always 
some  uncertainty  and  considerable  dissatisfaction,  due  to  lack  of 
personal  supervision  of  all  orchard  operations.  These  experiments 
have  not  proved  an  exception  in  this  regard.  Two  of  the  orchards 
changed  management  during  the  time  reported  on.  The  general 
plan  has  been  to  supervise  personally  the  application  of  fertilizers 
and  the  taking  of  fruit  and  growth  records.  Pruning,  culture,  and 
spraying  have  been  entirely  in  the  hands  of  the  cooperators. 

METHODS  OF  TAKING  RECORDS 

Since  accurate  record  taking  requires  a  large  amoimt  of  time 
and  money,  and  since  several  of  these  orchards  are  long  distances 
from  Geneva,  it  was  considered  advisable  to  make  use  of  two  factors 
only,  namely,  increase  in  trunk  diameter  and  yields  of  fruit.  The 
former  is  thought  to  be  a  fair  index  of  tree  vigor  and  growth,  and 
the  latter  of  performance. 

No  one  realizes  more  fully  than  the  author  the  great  value  of 
more  extensive  records,  such  as  production  of  new  wood,  leaf  area, 
nitrate  production  in  the  plats,  etc.,  but  it  was  considered  impossible 
to  give  the  time  required  for  such  extensive  records. 
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EXPERIMENTS  WITH  THE  APPLE 

EXPERIMENT  IN  THE  DEN8M0RE-CHAPMAN  ORCHARD 

The  Densmore-Chapman  orchard  is  a  Baldwin  apple  orchard  and 
was  38  years  old  in  1912  when  the  experiment  began.  It  is  located 
about  2^  miles  northeast  of 'Albion  on  a  very  level  and  uniform 
piece  of  land  with  good  natural  drainage.  The  soil  is  a  reddish 
loam  with  considerable  sand,  is  easy  to  work,  and  is  in  a  good  state 
of  fertility.  The  subsoil  is  very  similar.  An  analysis  of  the  soil  in 
this  orchard  is  given  in  Table  3. 

Tablh  3. —  Analysis  ot  Soil  in  Dbnbmobb-Chapman  Obchabd. 

Average  of  check  plats,  1912. 


C^rk  VATTTTTir  WTA 

0-7  Inches 

7-14 
Inchids 

14-21 
Inches 

Percent 

Pounds  in 
1  acre 

Percent 

Percent 

Kitjfoiren .......    

0.102 

2,040 

0.069 

0.048 

Fhioq>liori]s 

0.066 

1,320 

0.063 

0.058 

Pfttmmiiifn 

1.46 

29,200 

1.46 

Calchim 

0.48 

9,600 

0.46 

0.39 

MBffDeiiiQm 

0.35 

7,000 

0.39 

0.33 

■'■o'"*"*"*""  • 

GOs  calculated  to  calcium  carbonate. 

0.079 

1,580 

0.73 

0.45 

Total  carbnn . .                             

1.74 

34,800 

In  order  to  make  this  table  and  subsequent  tables  of  soil  analyses 
intelligible,  it  is  necessary  to  give  a  brief  explanation.  Altho  chemical 
analysis  of  soil  does  not  give  reliable  data  upon  which  to  base  agri- 
cultural practice,  nevertheless,  soil  analysis  carried  out  on  a  large 
scale  with  certain  definite  plans  in  view  is  very  suggestive.  This 
has  been  shown  to  be  true  by  Hilgard  working  over  a  long  period  of 
years  and  in  various  humid  and  arid  regions  of  the  United  States. 
Hilgard's  conclusions  have  been  verified  in  a  striking  manner  by 
liebecher  and  Maerchker  in  Germany,  and  also  by  agricultural 
chemists  in  France,  Russia,  and  England. 
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For  purposes  of  comparison,  the  writer  has  made  up  Table  4 
representing  the  average  analyses  of  some  75  soils  taken  from  various 
parts  of  the  fruit  belt  of  New  York.  The  analyses  are  from  some 
unpublished  data  of  the  Department  of  Agronomy,  and  refer  in  all 
eases  to  the  first  7  inches  of  soil. 


Table  4. —  AvBBAai  Akaltbu  or  75  Soils  fboic  Fbuit  Bk^  of  Nsw  York. 


CONSTITUBNTB 


Pbb  cbnt 


Pounds 

FBB  ACSB 
7INCHB8 


Nitrogen 

Phosphorus. . 
Potassium. . . 

Calcium 

Magnesium. . 
COi  AS  CaCOi 
Total  carbon . 


0.150 
0.060 
1.700 
0.549 
0.477 
0.251 
1.740 


3,000 

1,380 

34,000 

10,080 

9,540 

5,020 

34,800 


It  is  generally  considered  that  the  percentages  of  constituents 
given  in  Table  5  make  up  a  very  fertile  soil. 

Tablb  5. —  Ck>NSTrnnBim  or  a  Febtilb  Soil. 


Ck>NBTITUlMT8 


Nitrogen . . . 
Phosphorus 
Potassium . 
Calcium . . . 


Pounds 

PBR  ACBB 
7IKCHK8 


6,000 

2,000 

30,000 

10,000 


In  comparing  these  average  analyses  with  our  type  soil,  we  find 
that  the  fruit  belt  soils  are  much  lower  in  nitrogen  and  considerably 
lower  in  phosphorus,  but  compare  very  favorably  in  potassium  and 
calcium.  Of  course,  there  are  many  soils  of  high  fertility  containing 
much  less  nitrogen  and  phosphorus  than  our  type  soil.  In  fact,  the 
average  analysis  of  fruit  soils  given  above  compares  not  unfavorably 
with  the  available  averages  for  analyses  of  soils  of  the  com  belt  of 
Missouri,  Iowa,  and  Kansas. 
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The  trees  in  this  orchard  were  originally  set  33  by  33  feet,  but 
several  years  before  the  experiment  began,  all  but  eight  rows  in  the 
block  were  thinned  to  stand  approximately  47  by  66  feet.  The 
other  eight  rows  of  trees  stood  33  by  33  feet  and  were  considerably 
crowded  until  1918  when  they  also  were  thinned.  The  trees  pre- 
viously thinned  have  attained  great  size.  The  general  plan  of  the 
orchard  is  shown  in  Fig.  2. 


North 
A 


11        10       987664321 
Fio.  2. —  Plan  of  DxNsxoKi-CaAPMAN  Obchabd,  1912. 


Plat 


Until  1910  this  orchard  was  in  sod,  and  up  to  that  time  received 
about  10  loads  of  manure  once  in  two  years.  It  was  then  plowed 
up  and  clean  culture  maintained  except  as  noted  below.  Pruning 
has  been  rather  light  and  confined  mainly  to  dead  and  interfering 
wood.  More  pruning  would  be  beneficial.  Spraying  has  been 
regularly  maintained. 

In  1912,  1913,  and  1914,  red  clover  was  used  as  a  cover  crop; 
in  1915,  1916,  and  1917^alfalfa;  and  in  1918  alsike  clover  was  used. 
In  1919  no  cover  crop  was  sown.  The  large  trees  so  shade  the  ground 
that  it  is  difficult,  if  not  impossible,  to  get  a  satisfactory  growth  of  a 
legume  cover.    Other  cover  crops  of  the  non-legumes  will  be  tried. 

During  1913  to  1916  the  practice  of  dividing  the  orchard  into  two 
equal  divisions  cro6&>wise  of  the  plats  was  followed,  allowing  the 
cover  crop  to  remain  one  year  on  the  north  half,  while  the  same  year 
the  south  half  was  clean  cultivated.  A  cover  crop  was  then  sown 
OQ  this  south  half  in  the  late  summer.  The  following  spring  the 
whole  orchard  was  plowed  and  tilled  during  the  season,  and  the 
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cover  crop  sown  as  usual;  while  the  next  spring  the  south  half  was 
left  and  the  north  half  tilled,  etc.  The  whole  orchard,  however,  was 
tilled  in  1916,  1917,  1918,  and  1919. 

The  orchard  bore  only  fairly  weU  up  to  1908.  Prom  1908  to 
1912  the  average  for  the  block  was  about  300  barrels  per  year. 
The  crop  was  very  light  in  1911. 

In  recording  the  results  (Table  6),  no  attempt  will  be  made  to 
give  the  data  by  individual  trees,  since  such  a  method  would  be 
cumbersome  and  would  prolong  the  tables  imnecessarily.  Yields  will 
be  given  for  whole  plats  for  each  year,  and  tiie  growth  increase  for 
the  total  period  under  discussion. 

Tablb  6. — YiBLD  or  Faurr  m  DairaMOBB-CHAPiiAN  Obohabd. 

Bushels  per  plat. 


Treatiixnt 

Ybab 

• 

Total, 
1912-19 

Total 

AYBB- 
AGB 
PBB 

TUEB 

Total 

OVSB 

NBARSST 

GBBCK, 

5  CHOPS 

Total 

OB 
DIBnRBAfia 

Plat 

NO. 

1912 

1913 

1914 

1916 

1918 

OYEB 

GHBCK, 

3LA9QBST 

CROPS 

1 
2 

N-P-K 

Nothing 

N-P-K 

N-PrO 

N-O-O 

Nothing 

O-P-K 

O-P-K 

O-P-K 

Nothing. . . . . 
CaCOTi*.... 

Bu, 
317.0 
325.8 
359.6 
386.5 
316.3 
276.6 
269.8 
244.7 
248.8 
297.2 
279.3 

Bu. 

87.0 

39.0 

50.0 

21.0 

32.0 

33.0 

21.0 

18.0 

31.5 

11.0 

10.0 

Bu. 
312.6 
321.0 
300.0 
351.9 
318.0 
270.0 
319.2 
308.4 
265.8 
842.0 
312.0 

Bu, 

40.0 

44.0 

44.0 

54.0 

27.0 

36.0 

86.0 

37.6 

89.0 

41.0 

82.0 

Bu. 
282.2 
268.0 
246.5 
288.5 
859.0 
305.0 
342.2 
301.6 
274.0 
285.0 
257.7 

Bu, 

1038.8 

997.8 

1000.1 

1101.9 

1052.3 

920.6 

988.2 

910.2 

858.6 

976.2 

891.0 

Bu, 

78.7 

76.8 

79.3 

77.1 

116.9 

106.4 

109.8 

101.2 

107.4 

108.6 

98.6 

Bu. 
+41.0 

Bu. 
—3.0 

3 

4 
5 
6 

+12.3 
+104.1 
+131.7 

—S.7 
+112.1 
+141,7 

7 

8 

9 

10 

+67.6 

—88.2 

—117.6 

+79.6 

—33.2 

—136.1 

11 

—85.2 

—75.2 

Since  in  Plats  1,  2,  3,  and  4,  the  trees  were  still  33  by  33  feet  up  to 
1918,  the  total  yields  on  these  plats,  with  the  exception  of  1918, 
are  for  15  to  16  trees,  while  on  all  the  other  plats  the  totab  are  for 
8  to  9  trees.  This  fact  renders  the  results  not  strictly  comparable; 
but  Plats  1,  2,  3,  and  4  are  comparable  with  each  other,  also  Plats 
5  to  11  are  comparable  with  each  other. 

The  tree  averages  are  the  sum  of  the  individual  averages  for 
each  crop  year. 

Up  to  the  present  time  this  orchard  cannot  be  called  a  productive 
one  with  only  three  fair  crops  in  eight  years. 

In  comparing  the  annual  yields  obtained,  plat  by  plat,  during  the 
three  heavier  crop  years,  it  wiH  be  seen^that  on  the  four  15-  to  16-tree 
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plats  (Plats  1,  2,  3,  and  4)  the  nitrogen  and  phosphorus  plat  yielded 
the  best  all  three  years;  while  the  yields  of  the  other  three  plats 
were  erratic,  the  check  yielding  better  than  either  of  the  complete 
fertilizer  plats  one  year,  and  better  than  one  or  the  other  each  of 
the  other  two  years. 

If  Plat  5  receiving  nitrogen  only  is  included  in  this  comparison, 
it  will  be  seen  that,  altho  it  is  a  9-tree  plat,  it  has  outyielded  the 
15  to  16  trees  on  either  of  the  complete  fertilizer  plats,  and  compares 
well  with  the  nitrogen  and  phosphorus  plat. 

If  these  plats  are  compared  in  another  way,  using  the  increases 
in  yields  over  the  nearest  checks,  it  is  impossible  to  find  a  normal 
check  yield  with  which  to  compare  Plat  4,  since  the  check  on  one 
side  is  a  16-tree  plat  and  that  on  the  other  side  a  9-tree  plat. 

However,  using  Plat  2  as  a  check  on  Plats  5  and  7,  and  comparing 
the  differences  for  the  three  years  of  large  crops  only,  we  find  that 
the  check  has  produced  3  bushels  more  than  one  complete  fertilizer 
plat,  and  8.7  bushels  more  than  the  other;  while  the  nitrogen  and 
phosphorus  plat  has  produced  112.1  bushels  more  than  its  check, 
the  nitrogen  only  plat  141.7  bushels  more,  and  the  acid  phosphate 
and  potash  plat  79.6  bushels  more. 

Comparing  the  increases  over  the  nearest  checks  for  the  five  crops, 
the  results  are  somewhat  different  for  here  all  the  five  plats  have 
produced  more  than  their  checks.  In  other  words,  the  yields  for 
the  two  lean  years  reverse  the  result  in  two  cases.  It  is  undoubtedly 
safer,  in  this  case,  to  use  the  figures  for  total  yield  for  the  whole 
period,  certainly  at  least  from  a  financial  standpoint,  since  many 
times  low  yields  mean  high  prices;  altho,  on  the  other  hand,  the 
cost  of  production  in  the  lean  year  is  increased. 

When  we  come  to  results  due  to  the  different  forms  of  phosphorus, 
Plats  7,  8,  and  9  are  comparable. 

Seemingly,  basic  slag  and  raw  rock  phosphate  are  inferior  to 
add  phosphate,  while  the  limestone  plat  has  given  a  considerably 
lower  yield  than  its  check. 

The  results  on  this  orchard  in  regard  to  yields  have  been  gone 
into  at  some  length  in  order  to  illustrate  the  difficulty  of  experi- 
mentation of  this  kind  with  fruit  trees.  The  results  are  erratic, 
not  at  all  clean  cut,  and  while  it  appears  that  in  a  general  way 
nitragen  alone  or  combinations  containing  nitrogen  have  increased 
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yields,  the  comparisons  between  the  combinations  themselves  have 
been  so  peculiar  that  all  that  can  be  said  is  that  in  this  particular 
orchard  the  value  of  fertilization  has  not  been  proved.  We  must 
have  more  data  before  any  conclusions  can  be  drawn. 

Data  are  also  available  for  1912,  1913,  1914,  and  1916  on  the 
yields  of  first  grade  fruit  and  culls  (Table  7).  The  first  class  fruit 
is  here  liunped  in  one  grade  and  called  barreled  fruit,  while  the  cider 
apple  grade  includes  culls  and  drops. 


Tabub  7. —  Yields  of  Babbvlsd  Fbutt  and  Oidbr  Applbs  in  Dbnsmobb-Csapicah 

Obohabd. 

Total  bushds  per  plat,  4  cropB. 


Plat 

NO. 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 
11 


Tbbatment 


N-P-K. . 
Nothing . 
N*P-K.. 
N-P-0 . . 
N-0-0 . . 
Nothing . 
0-P-K . . 
0-P-K . . 
0-P-K. . 
Nothing. 
CaCO.-P 


Total  per  plat 

Ingbbasb 

OB  DB- 

CBSABBIN 
BABBXLBD 

nuiT 

Barreled 

Cider 

OVBB 

apples 

NBABBST 
OHBCK 

BwheU 

BuBhels 

BukheU 

541.2 

215.5 

—47.6 

588.8 

140.7 

576.3 

178.2 

—13.6 

653.7 

160.0 

+64.9 

545.5 

148.0 

+46.7 

499.8 

116.0 

52i.O 

122.2 

+24.2 

485.7 

120.0 

—31.6 

464.3 

120.5 

—70.6 

534.9 

156.5 

•  •••*•• 

498.3 

135.0 

—36.6 

Pebcbnt- 

AGB  OF 
GOOD 
FBU1T 


Percent 
71.5 
80-7 
76.3 
80.3 
78.7 
81.2 
81.1 
80.2 
79.4 
77.4 
78.7 


The  results  are  so  inconsistent  that  no  conclusions  can  be  drawn. 
Fertilizers  up  to  the  present  have  neither  increased  the  percentage 
of  first  class  fruit  nor  influenced  the  number  of  culls. 

With  regard  to  size  of  fruit,  data  are  available  for  the  three  years 
of  largest  crops.  The  apples  were  counted  from  average  barrels  as 
picked,  and  from  9  to  16  barrels  from  each  plat  were  averag^. 
The  figures  in  Table  8  show  the  average  number  of  apples  per  barrel 
for  the  three  crops. 

There  is  nothing  striking  in  this  table  that  would  indicate  that 
size  of  fruit  is  affected  by  fertilizers,  with  the  possible  exception 
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of  Flat  11.  The  average  sisse  of  the  fruit  of  this  particular  plat  was 
decreased  due  to  the  production  of  a  high  percentage  of  small  apples 
in  1918.    This  fact  has  not  been  accounted  for. 


Tablb  8. —  AysRAca  Numbbb  op  Apples  fbb  Babbxl  vob 

Chapuan  Obchabd. 

Thbes  Crops,  Dbnsmorb- 

Plat 

NO. 

Tbbatmbnt 

Ayxbaqs 

NUMBER 
APPLES 

PER 
BARREL 

1 

N-P-K 

541 

2 

Nothine 

514 

3 

N-P-K 

515 

4 

N-P-0 

522 

5 

N-(M) 

552 

6 

Nothinff 

529 

7 

O-P-K 

529 

8 

O-P-K 

534 

9 

o-p-i: 

518 

10 

Nothing 

539 

11 

CSaCCVP 

579 

It  has  been  the  custom  in  this  orchard  to  examine  the  general 
run  of  fruit  during  harvest  for  differences  in  color.  No  marked 
differences  have  been  noted  which  could  be  attributed  to  fertilizer 
treatment.  During  one  season  it  was  thought  that  the  fruit  on  the 
plat  receiving  limestone  and  acid  phosphate  was  more  highly  colored, 
but  this  was  noticeable  only  one  season  and  might  have  been  due 
to  other  causes. 

There  have  been  minor  differences  noted  in  color  and  quantity 
of  foliage.  It  has  several  times  been  noted  that  those  plats  receiving 
nitrogen  seemed  to  have  somewhat  more  abundant  and  darker  green 
foliage.   These  observations  have  not  always  been  consistent,  however. 

In  taking  growth  records  the  diameter  of  the  trunk  was  taken 
at  the  beginning  of  the  experimental  period  and  again  in  the  fall  of 
1919.  (See  Table  9.)  The  figures  used  are  for  approximate  mid- 
tnmk  diameter,  secured  by  averaging  two  measurements,  one  taken 
fairly  low  and  the  other  IJ  feet  higher.  The  lower  one  was  usually 
made  1^  feet  from  the  ground  and  the  other  3  feet  from  the  ground. 
In  acme  cases  this  varied  with  conditions  in  order  to  secure  what  was 
thought  to  represent  most  nearly  mid-trunk  diameter. 
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TaBUD  9. —  InCSBASB    in  TbUMX  DiAUBTBBS,   DlNSlfOBa-CHAnCAN  OECHA.ED, 

1912-1920. 
Averages  per  taree. 


Fiat 

NO. 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


TBBATiaarr 


N-P-K. . 

Nothing. 

N-P-K. . 

N-P-0. . 

N-O-O.. 

Nothing. 

O-P-K.. 

O-P-K.. 

O-P-K. . 

Nothing. 

CaCCVP. 


AVBBAOS  laD-TRUNX 
DIAMETER 


1912 


Inches 
16.2 
17.0 
16.2 
16.9 
17.9 
18.1 
18.3 
17.6 
17.3 
18.0 
18.2 


1919 


Indies 
18.5 
19.1 
18.6 
19.3 
20.7 
20.6 
21.0 
20.4 
20.1 
20.8 
21.0 


Incbbasb 

IN 


191^ 
1920 


Inches 
2.3 
2.1 
2.4 
2.4 
2.8 
2.5 
2.7 
2.8 
2.8 
2.8 
2.8 


Incbeabb 

OTEB 


Indies 
0.20 

«0.30 
0.30 

'"6!26 
0.15 
0.00 

"" '6.66 


'Plat  2  is  used  as  a  check  on  Plat  4. 

From  the  table  it  appears  that  growth  has  been  somewhat  increased 
by  fertilization,  altho  the  increases  over  the  checks  are  small.  Nitro- 
gen seems  to  have  rather  consistently  increased  diameter  slightly. 

As  a  summary  of  the  results  secured  with  the  Densmore-Chapman 
orchard,  it  may  be  said  that  fertilization  has  not  produced  results 
which  would  justify  the  necessary  outlay  for  fertilizers  and  the 
labor  involved  in  their  application.  Yield,  which  is  the  important 
factor  with  the  orchardist,  has  not  been  consistently  increased. 
There  has  been  no  marked  improvement  in  color  or  size  of  fruit, 
and  growth  increases  have  been  very  small.  Fertilization  has  not 
been  worth  while  in  this  orchard  up  to  date. 

EXPEBIMENT  IN  THE  VICK  AND  DILDINE  ORCHARD 

The  Vick  and  Dildine  orchard  is  a  Baldwin  apple  orchard  and 
was  38'  years  old  at  the  beginning  of  the  experiment  in  1914.  It  is 
located  a  few  miles  west  of  Rochester  near  South  Greece,  and  is 
perhaps  best  known  as  the  Auchter  orchard.  From  1903  to  1913 
it  was  used  in  a  sod  and  tillage  experiment  by  the  Department  of 
Horticulture.  This  work  has  been  published  from  this  Station  as 
Bulletin  No.  314.    As  an  accurate  record  of  the  orchard's  perform- 
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ance  for  10  years  was  available,  it  was  thought  that  it  would  be 
admirably  adapted  to  a  fertility  experiment. 

The  orchard  is  located  on  a  uniform  piece  of  land  as  regards 
soil.  Altho  not  level,  the  land  slopes  very  gently  both  ways  from 
the  center  of  the  orchard  so  that  the  rows  of  trees  running  across  this 
dope  are  quite  comparable.  The  only  marked  variation  in  topog- 
raphy is  located  in  the  south-west  comer  which  is  some  12  to  14 
feet  lower  in  elevation.  This  area,  however,  has  been  discarded  in 
the  fertilizer  experiment.  An  analysis  of  the  soil  in  this  orchard  is 
given  in  Table  10.  This  analysis  compares  very  favorably  with  the 
type  analysis  on  page  70.  The  soil  is  low  in  carbonates,  but  fairly 
well  supplied  with  nitrogen,  phosphorus,  and  potash. 

Tabui  10. —  Analysis  of  Son^  m  Vick  asd  Duj>um  Obchabd. 

Average  of  check  plats,  1914. 


Ck>NBTlTUJBMTS 


Nitngeii 

Pboephonu 

FotaaBUin , 

Galchim 

GaCOb  from  COi 
Total  carbon 


0-7  Inches 


Percent 


0.16 

0.059 

1.34 

0.54 

0.30 

0.067 

1.82 


Pounds 

rxacre 
inches 


3,000 

1,180 

26,800 

10,800 

6,000 

1,340 

36,400 


7-14 
Inchks 


Per  cent 


0.11 

0.051 

1.60 

0.50 

0.29 

0.054 

1.28 


The  trees  in  the  orchard  are  40  by  40  feet  and  the  general  arrange- 
ment of  the  plats  is  shown  in  Fig.  3.  ^ 

********* 

NOBTH 

A 


• 


*    *    *     #    *     4 

:::::: 

K       •       *       *       *       •       # 
n       *       «       «       *       «       « 
N       *       •       «       •       •       « 

n      •      *      *      *      «      * 

*  V       *       4i       #       < 

*  *       *       *       *       ^ 

*  •       *       #       *       ^ 
«       •       *       *       *       ^ 

1 :  i  i  i :  i 

K       *       *       *       *       •       * 

i  I : 

11        10         987654321 
t  Tree  not  used  in  average  —  missing  or  replant. 

Fio.  3. —  Plan  of  Plaxs  m  Viox  and  Dildins  Obohabd,  1914. 


Plaib 


^For  raevious  treatment  and  care  of  orchard  see  N.  Y.  Agr.  Exp.  Sta.    BuL 
314,9041    1909. 
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Bed  clover  has  been  used  as  a  cover  in  this  orchard,  and  the 
practice  of  leaving  one-half  of  the  orchard  in  clover  diiring  alternate 
years  has  been  followed  up  to  1919.  In  1914,  1916,  1918,  and  1919 
the  whole  orchard  was  tilled,  in  1915  the  south  half  was  left  in  clover, 
and  in  1917  the  north  half  was  left  in  clover.  The  clover  has  made 
fairly  good  growth  each  year.  This  orchard  has  been  fairly  pro- 
ductive but  not  phenomenally  so  by  any  means.  ^ 


Tablb  U.— Yield  o 


FbUIT  IK  ViCK  AM 

Bushels  pex  plst. 


DiuHin  Obohabd. 








Total 

Total    |      ob 

TwnTimiT 

MU. 

6riAM 

TUI 

£ut<l< 

i^ 

^' 

W 

*          +U.2 

The  yields  recorded  in  Table  11  are  erratic,  fertilizers  having  ap- 
parently increased  yields  in  five  cases  and  decreased  them  in  three 
cases.  The  results,  however,  are  inconsistent  when  the  treatments 
are  compared.  Thus  complete  fertilizer  in  one  proportion  apparently 
increased  the  yield,  and  in  another  proportion  decreased  it.  It  is 
not  considered  necessary  to  go  into  the  results  in  detail.  A  careful 
examination  of  the  data  will  lead  to  the  conclusion  that  the  different 
increases  over  the  checks  have  evidently  been  due  to  some  factor 
other  than  fertilizers. 

From  the  data  given  in  Table  12  very  little  connection  can  be  seen 
between  fertilizer  treatment  and  the  percentage  of  good  fruit  and 
culls.  It  a'ppears  that  the  complete  fertiUzer  plats  have  some 
6  per  cent  more  first  grade  fruit;  but  this  does  not  hold  for  the  other 
nitrc^n  [dats,  while  the  other  fertiUzed  plats  show  very  little 
difFerence.    No  data  on  sise  or  color  of  fruit  are  available. 
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Tablb  12. —  YiBiJ>  OF  Babsblbd  Fbutt  and  Cidbb  Afplbs  nr  Viok  and  Dildinb 

Obohabd. 

Busheb  per  plat,  5  crops. 


Plat 

KO. 

Tbeatuent 

Total  peb  plat, 

6  TSABS 

Ayebage 

PEB  TBEB 

Incbeasb 

OB 

DECBEASE 

PEB 

TBEB 

OVEB 

CHECK, 

BABBELED 

Pebcent- 

AGB   OF 
BABBELED 

0 

Barreled 

.  Cider 

Barreled 

Cider 

APPLES 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 

N-P-K 

Nothing 

N-P-K 

N-P-0 

N-0-0 

Nothing 

0-P-K 

0-P-K. 

0-P-K 

Nothing 

CaCQr-P 

Bushels 
504 
501 
387 
405 
387 
378 
381 
525 
786 
633 
714 

Bushels 

115 

137 

88 

123 

92 

82 

78 

100 

117 

109 

140 

Bushels 
56.0 
50.1 
43.0 
45.0 
38.7 
42.0 
47.6 
52.5 
78.6 
63.3 
71.4 

Bushels 

12.8 

13.7 

9.8 

13.7 

9.2 

9.1 

9.8 

10.0 

11.7 

10.9 

14.0 

Bushels 
+5.9 

'     — 7!i 
—1.1 
-T-3.3 

**+5;6 

—0.1 
+15.3 

•  ••■•••• 

+8.1 

Per  oeni 
81.4 
75.4 
81.5 
76.7 
80.8 
82.2 
83.0 
84.0 
87.0 
85.3 
83.6 

It  appears  from  the  data  in  Table  13  that  nitrogen  has  increased 
trunk  growth  to  a  small  extent,  while  phosphorus  in  three  forms 
with  potash  has  had  no  effect.  The  last  two  columns  of  the  table 
have  been  inserted  for  comparison.  As  this  orchard  was  under 
a  sod  and  tillage  experiment  for  ten  years  previous  to  1913,  the 
growth  increases  are  available.  It  will  be  seen  that  the  three  rows 
of  trees  used  as  check  plats  are  low  for  the  period  of  1908-1913. 
Plat  5  received  potash  and  phosphorus  during  the  period  of  1908- 
1913,  in  the  sod  and  tillage  experiment.  Plat  7  received  phosphorus 
alone,  and  Plat  9  received  potash  alone  during  the  same  period. 

During  the  fertilizer  experiment,  from  1913  to  1919,  five  of  the 
treated  plats  actually  made  less  diameter  increase  over  their  checks 
than  did  the  same  rows  during  the  previous  five  years  when  under 
no  fertilizer  test,  that  is  when  these  rows  are  compared  with  the 
rows  used  as  checks  in  the  present  fertilizer  experiment.  The  only 
striking  fact  noticeable  in  the  seven  years'  results  with  the  orchard, 
is  the  apparent  non-response  to  fertilization  in  general.  It  appears 
that  the  accidental  and  chance  differences  in  results  have  been 
greater  than  any  differences  attributable  to  fertilizers. 
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Table  13. —  Incbbasb  ik  Tbunx  Diambtbb,  Vick  Azn>  Dildinb  Ob 

1913-1919. 

Averages  per  tree. 


Plat 

NO. 

Tbeaimbnt 

AVEBAOE 

MID-TRUNK 
DIAMETER 

In- 
crease 

IN 
DIAMETER, 

1913-1919 

iN- 

CREABB 

OVER 

NEABE8T 

CHECK, 

1913-19 

IN- 

CBEASE 

IN 

DIAMBTBB 

1906-1913 

Incbbasb 

OB 
DBCBEASB 
OVER 
PLATS 

1913 

1919 

X7SBD  AS 
CHECKS, 

1908-1913 

1 
2 
3 
4 
6 
6 
7 
8 
9 
10 
11 

* 

N-P-K 

Nothing 

N-P-K 

N-P-O 

N-O-O 

Nothing 

0-P-K 

O-P-K 

O-P-K 

Nothing 

CaCOr-P..... 

Inches 
16.8 
17.1 
17.4 
17.4 
16.0 
16.0 
18.0 
17.3 
16.8 
17.2 
16.9 

Inches 
18.9 
19.0 
19.7 
19.6 
18.3 
18.1 
20.1 
19.3 
18.6 
19.1 
19.4 

Inches 
2.1 
1.9 
2.3 
2.1 
2.3 
2.1 
2.1 
2.0 
1.8 
1.9 
2.5 

Inches 
+0.2 

■*+6;4 

+0.1 
+0.2 

0.0 

r— 0.1 

'+6;6 

Inches 
1.1 
1.2 
1.7 
2.0 
1.7 
1.4 
2.2 
2.1 
1.4 
1.7 
2.2 

Inches 
—0.10 

"+6!56 

+0.70 
+0.30 

'*+6'.86 

+0.65 
—0.30 

''+6;66 

experiment  in  the  great  bear  orchard 

The  Great  Bear  orchard  ia  a  Northern  Spy  orchard  and  was 
4  years  old  in  the  fall  of  1913.  The  experiment  began  in  the  spring 
of  the  same  year.  The  trees  are  40  by  40  feet.  The  orchard  is 
located  south  of  Fulton  on  the  farm  of  the  Great  Bear  Springs 

Table  14. —  Analtsis  of  Soil  in  Gbbat  Beab  Obchabd. 
Average  of  oheck  plats,  1913. 


Constituents 


Nitrogen 

Phosphorus 

Potassium 

Calcium 

Magnesium 

CaCOi  from  COs 
Total  carbon. . . 


0-7  Inches 


Per  cent 


0.18 

0.89 

1.37 

0.41 

0.31 

0.060 

1.99 


Pounds 

in  acre 

7  inches 


3,eoo 

17,800 

27,400 

8,200 

6,200 

1,200 

39,800 


7-14 
Inches 


Percent 


0.08 

0.071 

1.13 

0.42 

0.36 

0.047 

1.02 
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Ck)nipany,  and  is  on  a  uniform  piece  of  land  and  has  good  drainage. 
The  soil  is  a  stony,  sandy  loam  with  a  sand  and  gravel  subsoil. ' 
An  analysis  of  the  soil  is  given  in  Table  14. 

This  soil;  altho  quite  stony,  seems  to  be  somewhat  above  the 
average  in  certain  constituents.  Carbonates  and  potassium  are 
low,  while  the  nitrogen  and  phosphorus  percentages  are  good.  This 
orchard  has  not  yet  borne  a  crop  of  apples.  It  has  not  been  system- 
atically tilled.  During  1913  and  1914  it  was  left  in  sod,  with  the 
exception  of  a  six  foot  strip  next  to  the  trees.  In  1915  a  crop  of 
beans  was  harvested  from  the  orchard.  In  1916  oats  were  sown  but 
a  poor  crop  resulted.  In  1917  and  1918  the  conditions  of  1913  were 
duplicated.  In  1919  the  orchard  was  plowed  and  planted  to  sweet 
com.  The  orchard  has  not  had  the  care  that  a  young  orchard 
should  have,  however,  the  trees  are  of  good  size  and  vigor,  and  have 
made  good  growth.  Since  this  orchard  has  not  yet  borne  fruit,  the 
only  results  available  for  the  seven  years  are  those  for  diameter 
increase.  h  hj  ^> 

Up  to  1917  a  slight  variation  of  the  general  fertilizer  plan  was 
used  in  which  Plat  1  was  omitted.  From  1917  on,  the  plan  was 
enlarged  and  in  1919  somewhat  further  enlarged,  making  use  of  some 
of  the  discard  rows  for  treated  plats.  This  was  thought  advisable 
and  also  feasable  on  accoimt  of  the  distance  apart  of  the  trees  and 
their  age.    The  present  plan  is  shown  in  Fig.  4. 
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No.  ov 

■    PLAT 

1. 


2. 

3. 
4. 
5. 

6. 

7. 
8. 
9. 

10. 

11. 
12. 

la 

14. 

15. 

16. 

17. 

18. 

19. 
20. 


No  treatmeat. 


45  Ibfl.  nitrogen  from  nitrate  of  soda.* 
40  lbs.  phoflphorus  from  acid  phoflphate. 
50  lbs.  potassium  from  muriate. 


No  treatment. 


45  lbs.  nitrogen  from  nitrate  of  soda. 
40  lbs.  phosphorus  from  acid  phosphate. 


No  treatment. 


90  lbs.  nitrogen  from  nitrate  of  soda. 
80  lbs.  phosphorus  from  acid  phosphate. 
100  lbs.  potassium  from  muriate. 


No  treatment. 


45  lbs.  nitrogen  from  nitrate  of  soda. 


No  treatment. 


40  lbs.  phosphorus  from  add  phosphate. 
50  lbs.  potassitmi  from  muriate. 


No  treatment. 


2  tons  limestone. 


No  treatment. 


45  lbs.  nitrogen  from  nitrate  of  soda. 
40  lbs.  phosphorus  from  basic  slag. 
50  lbs.  potassium  from  muriate. 


No  treatment. 


45  lbs.  nitrogen  from  nitrate  of  soda. 
120  lbs.  phosphorus  from  rock  phosphate. 
50  lbs.  potassium  from  muriate. 


No  treatment. 


40  lbs.  phosphorus  from  add  phosphate. 
2  tons  limestone. 


No  treatment. 


90  lbs.  nitrogen  from  nitrate  of  soda. 


*  Pounds  per  acre. 

Fio.  4. —  Plaw  of  Fkbtiuzation  in  Gbbat  Bsab  Obchabd,  1917-1919. 
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Up  to  1916  the  nitrogen  and  potassium  were  applied  to  20-foot 
circles  around  each  tree,  and  the  phosphorus  and  limestone  to  one- 
half  the  total  area.  From  1916  on,  all  fertilizers  were  applied  to 
one-half  the  total  area.  In  Table  15  results  are  given  for  the 
diameter  increase  imder  the  original  fertilizer  plan  only. 

Tablb  15. —  Incbsasb  in  Tbunk  Diambtbb,  Gbhat  Bbab  Obohabd,  1913-1919. 

Average  per  tree. 


Plat 

MO. 

Tbbathbnt 

AyB&IGB  ICHHIBUNK 
DIAIDTEB 

Iw- 

CBBASE, 

i9ia-i6 

Incbxasb, 
1913-19 

Incbbasb' 

OVEB     • 
NEABB8T 

1913 

1915 

1919 

CHECK,     1 

i9ia-i9 

1 
2 
3 

N-P-K 

N-P-O 

Nothing 

N-<M> 

0-P-K 

Nothing 

0-P-K 

0-P-K 

Nothing 

CSaCCVP. 

Inches 
1.46 
1.23 
1.27 
1.37 
1.26 
1.25 
1.41 
1.40 
1.45 
1.49 

Inches 
2.67 
2.41 
2.33 
2.49 
2.30 
2.24 
2.47 
2.67 
2.49 
2.66 

Inches 
4.17 
4.10 
3.72 
3.90 
3.43 
3.26 
3.94 
3.96 
3.84 
4.09 

Inches 
1.11 
1.18 
1.06 
1.12 
1.04 
0.99 
1.06 
1.17 
1.04 
1.16 

Inches 
2.71 
2.87 
2.45 
2.63 
2.17 
2.00 
2.53 
2.5S 
2.39 
2.60 

Inches 
0.26 
0.42 

4 
6 
A 

0.08 
0.17 

7 
8 
9 

0.53 
0.19 

10 

'  6!2i 

The  measurements  shown  in  the  table  were  taken  imiformly  15 
inches  from  the  ground.  As  the  first  tree  in  each  row  was  just 
set  out  at  the  time  the  experiment  began,  it  is  not  included  in  the 
averages.    The  figures  are  for  the  averages  of  11  trees. 

There  appears  to  be  an  increase  in  growth  on  all  fertilized  plats. 
This  increase  amounts  to  0.26  inches  per  tree  as  an  average  over 
the  checks  for  the  seven  years.  This  is  small,  to  be  sure,  but  appears 
to  be  quite  definite.  The  increased  growth  also  seems  to  have  taken 
place  from  the  start  since  .the  figures  for  1915  show  the  same  tend- 
ency, the  average  being  0.86  inches  for  the  three  years,  1913  to  1915. 
When  we  compare  the  effect  of  various  combinations  of  fertilizers, 
the  increases  are  not  consistent.  Phosphorus  has  apparently  increased 
growth  more  than  has  nitrogen  alone.  Basic  slag  has  increased 
growth  more  than  acid  phosphate  or  rock  phosphate. 

This  orchard  is  young,  in  good  condition,  and  something  may  be 
expected  from  it  when  it  b^ins  to  bear  fruit. 
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EXPERIMENTS  WITH  CHERRIES 

There  seems  to  have  been  very  little  systematic  work  done  on 
the  fertilization  of  cherries.  Blake  and  Farley  (1910)  report  some 
small  experiments  on  the  effects  of  nitrate  of  soda  on  cherries,  plimis, 
apples,  and  pears.  In  this  experiment,  which  ran  from  1896  and 
was  reported  on  in  1909,  there  were  two  trees  of  each  of  three  varie- 
ties, Early  Richmond,  Louis  Phillippe,  and  Montmorency.  All  plats 
received  a  basal  treatment  of  500  pounds  per  acre  annually  of  a 
mixture  of  equal  parts  of  ground  bone,  acid  phosphate,  and  muriate 
of  potash.  In  addition,  two  plats  received  150  poimds  of  nitrate 
of  soda  per  acre.  One  plat  of  each  of  the  two  treatments  was  irri- 
gated for  several  seasons.    The  soil  was  a  fairly  rich  moist  loam. 

The  total  fruit  for  the  period  on  the  plats  receiving  phosphorus 
and  potash  was  about  1589  pounds;  while  the  plat  receiving  nitrate 
in  addition  yielded  about  2,215  pounds,  or  an  increase  due  to  nitrogen 
of  626  pounds  of  fruit.  Under  irrigation,  nitrate  gave  much  lai^er 
increases  than  without  irrigation.  In  fact,  an  average  of  five  crops 
showed  a  substantial  gain  on  the  irrigated  nitrate  plats,  and  an 
actual  decrease  on  the  nitrate  non-irrigated  plats.  This  would 
suggest  that  in  some  cases  water,  perhaps,  is  more  important  than 
nitrogen. 

EXPERIMENT  IN  THE   o'NEIL  ORCHARD 

The  O'Neil  cherry  orchard  (of  the  present  experiment)  consists  of 
a  block  of  528  trees  18  by  18  feet.  Each  plat  fertilized,  or  otherwise 
treated,  contains  one  row  of  24  trees.  Eight  of  these  trees  in  each 
row  were  two  years  old,  seven  were  five  years  old,  and  nine  were 
six  years  old  in  1913  when  the  experiment  began.  Of  the  24  trees 
in  each  plat,  the  16  older  trees  are  averaged  in  the  records  The 
other  eight  trees  have  not  borne  a  significant  crop,  and  as  some  of 
these  trees  are  of  the  Morella  variety,  they  are  not  at  present  averaged 
in  the  results. 

The  orchard  adjoins  the  Experiment  Station  farm  at  Geneva 
and  is  on  a  very  stony,  somewhat  sandy  loam  soil.  The  soil  is 
classified  as  Ontario  loam  in  the  United  States  Bureau  of  Soils  Survey 
of  Ontario  County,  but  is  by  no  means  typical  Ontario  loam  being 
much  more  stony  and  lighter  in  texture.  The  soil  is  quite  uniform, 
and  the  orchard  level  and  well  drained.  The  elevation  is  some  500 
to  520  feet.    An  analysis  of  the  soil  is  given  in  Table  16. 
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Tablb  16. —  Analysis  of  Soil  in  CNxil  Ghbbbt  Obcbabd. 

Average  of  check  plats,  1913. 


CONBTiTUSN'IB 


0-7  Inches 


Percent 


Fbiinds 
per  acre 
7  inches 


7-14  Inghxs 


Percent 


Nitrogen 

Phosphorus 

Potaniuin 

Gslcium 

Magnesium 

CaCOt  from  COi 
Totel  carbon — 


0.19 

0.050 

1.60 

0.79 

0.58 

0.68 

1.83 


3,800 
1,180 
32,000 
15,800 
11,600 
13,600 
36,000 


0.11 

0.059 

1.46 

1.29 

0.95 

2.86 

1.30 


This  soil  compares  favorably  with  our  type  soil.  It  is  somewhat 
higher  in  nitrogen,  calcium,  magnesium,  carbon,  and  carbonates, 
and  somewhat  lower  in  phosphorus. 

The  orchard  has  been  tilled  practically  thruout  the  experiment. 
The  only  cover  crop  used  has  been  weeds  which  have  come  up  in  the 
fall.  It  had  received  no  fertilizer  previous  to  the  beginning  of  the 
experiment.  The  same  general  plan  of  treatment  has  been  followed 
with  the  exception  that  no  lime  plat  has  been  included  as  this  soil 
is  well  supplied  with  carbonates. 

Table  17. —  Yisld  op  Ghebbibs  in  thb  CyNsiL  Obohabd. 
Founds  per  plat  and  per  tree,  1913  to  1919. 


Plat 

Tbxatmemt 

Tbabo 

Total 

TIBLn, 

1913-19 

PBB 
TBBE, 

1913-19 

Imcrbasb 

OB 
DBGBBASa 
VWR  TBXM 

1VU« 

1014 

1915 

1916 

1917 

1918 

OTKB 

MBABBSr 

GHBCX 

1 

2 

36 

4 

5 

6 

7 

8 

9 
10 
lie 

N-P-K 

Nothinc 

N-P-K 

N-P^ 

Nothing 

N-OO 

N-P-K 

Nothing 

o-mT. 

O-P-K 

Nothing 

PouauU 

136.5 

133.6 

168.0 

142.5 

73.6 
114.0 
108.0 
121.6 
166.0 
124.6 

73.6 

Pounda 

464.6 

496.6 

643.0 

378.0 

397.6 

464.6 

420.0 

626.6 

626.6 

439.6 

382.6 

Po%inda 
234.0 
263.6 
211.6 
157.5 
102.0 
166.0 
102.0 
88.6 
166.0 
161.6 
103.6 

Pounda 

285.0 

312.0 

348.0 

346.6 

286^ 

271.6 

213.0 

208.6 

177.0 

166.6 

160.5 

Pounda 

699.0 

690.0 

716.0 

670.0 

626.0 

686.0 

642.0 

646.0 

649.0 

684.0 

579.0 

Pounda 
1800.0 
1785.6 
1986.5 
1604.5 
1384.5 
1591.0 
1385.0 
1491.0 
1564.6 
1666.0 
1299.0 

Pounda 

113.0 

111.6 

132.4 

105.9 

86.6 

99.4 

86.6 

93.2 

97.8 

97.9 

81.2 

Pounda 
+1.4 

+20.8 
+19.4 

■'+i2*.9 
—6.6 

"*+4*.6 

+6.7 

a  Then  was  no  crop  on  this  orchard  in  1913  and  1919. 
6  One  tree  miwring  so  only  16  trees  are  averaged. 
c  Plat  11  is  an  outside  row  in  the  orchaniL 
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Fertiluera  have,  in  general,  iucreaBed  the  yield  oi  cherries.  This 
is  especially  true  of  nitrogen.  PhosphoruB  in  the  forma  of  basic 
sl^  and  raw  rock  phosphate  has  apparently  been  superior  to  Uiat 
in  the  form  of  acid  phosphate.  These  differences,  however,  when 
calculated  to  increase  per  year  are  too  small  to  be  very  significant. 

From  the  practical  standpoint  it  might  be  well  to  consider  Plat  3, 
the  complete  fertilizer  plat,  which  gave  the  largest  increase  over 
the  check.  The  fertilizer  on  this  plat  cost  S9.70  per  year  with  nitrate 
of  soda  at  $75.00,  acid  phosphate  at  $25.00,  and  muriate  of  potash 
at  $120.00  per  ton.  Id  addition  it  cost  at  least  65  cents  to  mix 
and  apply  this  fertilizer,  making  the  cost  of  plat  treatment  $10.35. 
Calculating  this  increased  crop  at  25  pounds  of  fruit  per  tree  for  the 
seven  years,  1913  to  1919,  and  using  16  trees  per  plat  as  an  average, 
we  have  400  pounds  increase  in  seven  years,  or  about  60  pounds 
per  year.  With  cherries  at  10  cents  per  pound,  this  ^ves  $6.00  as 
the  value  of  the  increase,  compared  with  $10.35  as  the  cost  of  pro- 
ducing this  increase.  Fertilization  up  to  the  present  time  has  been 
unprofitable  on  this  cherry  orchard. 

Table  18. —  Incrbabb  in  TKtnn:  Diamet'gs,  O'Niil  Cmbrbt  Okcbabd,  1913-19. 


T»1AT- 

SlXtSEK   OLOEIL  TKBU 

ElOBT  TDUHon  TUU 

PlAT 

Ha 

I0™9 

"sr 

Av«rMK  diuwMr 

tneceue. 

Increua 

IS13 

leifi 

iheok 

,.» 

191B 

•ss 

I 

!? 

■:: 

"2 

\ 

a 

1 

SB 

1 

35 

1 

\ 

1 

13 
82 

fi 

13 

+0.37 

is;:! 

+0.03 
»-«.34 

1 

oiss 
0:98 

IwH 

"1 

1 

le 

23 

I 

88 
IB 

+0.10 

-:o:iB 

+0.17 

+b:if 

+0.2* 

a  Fifteen  tTMB  aTsngsd. 

Plat  11  is  an  outside  row  in  the  orchard,  so  that  it  might  be  better 
to  compare  Fiat  10  with  Plat  8  as  a  check  rather  than  with  Plat  11. 
This  gives  Plat  10  an  increase  in  diameter  over  the  check  of  0.08 
inches  instead  of  a  decrease  of  0.34  inches.     Using  Plat  8  as  a  check 
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on  Plat  10,  there  has  been,  m  the  case  of  the  16  older  trees,  an 
increase  in  mid-trunk  diameter  on  every  plat  due  to  fertilizers. 
This  has  not  been  true  of  the  young  trees  where,  apparently,  nitrogen 
has  decreased  growth,  while  phosphorus  and  potash  have  increased 
growth. 

EXPERIMENT  WITH  PEABS 

From  Table  2  it  will  be  seen  that  the  pear  is  apparently  not  so 
exhaustive  of  soil  fertility  as  the  apple  or  peach,  using  less  of  the 
principal  constituents  after  coming  into  bearing.  One  might  suppose 
that  the  pear  would  not  respond  to  fertilizers  as  readily  as  the  other 
two  fruits,  but  there  have  been  almost  no  organized  experiments 
on  this  point. 

Halstead  (1904)  of  the  New  Jersey  Station  reports  a  small  fertilizer 
experiment  with  pears  in  which  five  varieties  of  standard  trees  were 
fertilized  as  follows:  (1)  No  treatment;  (2)  500  pounds  per  acre 
of  a  mixture  of  equal  parts  bone  meal,  acid  phosphate,  and  muriate 
of  potash;  and  (3)  the  same  as  (2)  with  the  addition  of  150  pounds 
of  nitrate  of  soda  per  acre. 

Based  on  an  average  for  four  crops  it  was  foimd  that  the  weight 
of  fruit  was  greatest  on  the  phosphorus  and  potash  plat,  second 
on  the  check  plat,  and  lowest  on  the  complete  fertilizer  plat.  The 
average  weight  of  individual  fruits  was  largest  on  the  complete 
fertilizer  plat  and  smallest  on  the  check  plat. 

EXPERIMENT  IN  THE  HOWARD  ORCHARD 

The  pear  orchard  used  in  the  present  experiment  is  known  as 
the  Howard  orchard,  and  consists  of  a  block  of  504  trees  taken  from 
a  slightly  larger  block.  There  are  21  rows  of  24  trees  each,  set 
20  by  20  feet.  The  variety  is  KieflFer,  and  the  trees  were  two-year 
stock  set  in  the  spring  of  1912.  The  orchard  is  located  about  a 
mile  from  Kinderhook,  Columbia  County,  and  about  3^  miles  from 
the  Hudson  River.  The  slope  is  slightly  to  the  southeast  and  the 
elevation  is  some  270  feet. 

The  soil  in  the  orchard  is  typical  of  a  large  area  in  this  locality. 
It  is  a  fine  sand  to  sandy  loam  of  considerable  depth,  with  a 
sand  and  gravel  subsoil.  The  composition  of  the  soil  is  given  in 
Table  19. 
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Tabu  19. —  CoicpoflinoN  of  Soil  in  thb  Howabd  Psab  Oegeabd. 


CONSTITUEHTO 


Nitrogen 

Phosphonu 

Potassium 

Calcium 

Magnesium 

GOt  calculated  to  CaCO« 
Total  carbon 


0-7lNCHa6 

7-14  Inchbs 

Pounds 

Percent 

in  acre 
7  inches 

Percent 

0.077 

1,540 

0.033 

0.086 

1,720 

0.071 

1.45 

29,000 

1.67 

0.20 

4,000 

0.21 

0.58 

11,800 

0.68 

0.076 

1,520 

0.043 

0.81 

16,200 

The  analysis  shows  that,  compared  with  the  type  soil,  this  soil  is 
low  in  nitrogen,  well  supplied  with  phosphorus,  low  in  calcium, 
fairly  high  in  magnesium,  quite  low  in  carbonates,  and  very  low  in 
organic  matter.  It  would  indicate  that  this  soil  should  respond  to 
maniure  and  green  manure  crops,  to  nitrogen,  and  possibly  to  hme. 

The  only  fertilizer  these  trees  had  received  previous  to  1912 
when  the  work  began,  was  two  f orkfulls  of  manure  per  tree  at  setting. 
The  orchard  has  been  under  cultivation  thruout  the  experiment. 
Rye,  rye  and  vetch,  and  rape  have  been  used  as  covers.  In  1915 
beans  were  used  as  an  intercrop  and  in  1916  silage  com. 

The  effect  of  nitrogen  and  phosphorus  could  be  plainly  seen  on 
the  beans.  Lime  showed  no  visible  effect.  The  nitrogen  fertili- 
zation was  begun  in  1914. 

Unfortunately,  thru  a  mistake  in  1916,  and  due  to  an  embargo 
on  freight  in  1918,  no  fertilizers  were  appUed  in  these  years;  so  that 
considering  the  additional  fact  that  war  conditions  prevented  potash 
fertilization  in  1917,  the  results  on  this  orchard  are  certainly  not  as 
significant  as  they  might  otherwise  be.  There  has  been  no  crop 
worth  recording  up  to  date.  The  general  fertilizer  plan  has  been 
used  with  the  exception  that  there  is  no  plat  receiving  nitrogen 
alone. 

The  results  given  in  Table  20  are  so  erratic  that  no  very  definite 
conclusions  can  be  drawn.  Fertilizers  certainly  have  not  affected 
the  diameter  growth.  Perhaps  the  next  five  years'  results  will  ^ve 
data  for  more  definite  conclusions. 


i 


New  York  Agricultukal  Experiment  Station. 


89 


Tablb  20. —  Incbbasb  in  Mid-Tbunk  Diamxteb,  Howabd  Pbab  Obghabd, 

191^1919. 


HO. 


1 

2 
3 
4 
6 
6 
7 
8 
9 
10 


Tbbatmbnt 


N-P-K.. 

Nothing. 

N-P-K. . 

N-P-0.. 

Nothing. 

O-P-K.. 

O-P-K.. 

Nothing. 

O-P-K.. 

OaCXV-P 


Yeab 

Incbbasb, 
1913-19 

1913 

1919 

Inches 

Inches 

Inches 

0.91 

2.60 

1.69 

0.91 

2.70 

1.79 

0.93 

2.40 

1.47 

0.90 

2.70 

1.80 

0.94 

2.60 

1.66 

0.92 

2.40 

1.48 

0.90 

2.50 

1.60 

0.88 

2.40 

1.52 

0.93 

2.40 

1.47 

0.91 

2.50 

1.59 

iNCBBASa 

OR 
DBCBEA8B 

OVBB 

NXABBST 

CHECK 

Inches 
—0.10 


—0.32 
+0.14 

•^!i8 
+0.08 

-^ios 

+0.07 


PEACHES 

In  1912  there  was  an  experiment  begun  on  the  fertilization  of 
peaches  on  the  farm  of  T.  H.  King  near  Tnimansburg.  The  orchard 
was  one  of  Iron  Mountain  peaches  on  a  rather  heavy  clay  soil.  The 
trees  at  the  beginning  were  already  somewhat  advanced  in  age. 
Unfortunately,  in  1914  disease,  both  yellows  and  little  peach,  appeared 
and  rapidly  grew  worse,  so  that  a  large  number  of  trees  had  to  be 
removed.  In  1916  one-half  the  orchard  was  removed.  This  con- 
dition so  obviously  affected  any  results  that  might  be  obtained 
that  the  experiment  was  abandoned  and  no  other  experiment  with 
peaches  was  undertaken. 


EXPERIMENT  WITH  APPLE  NURSERY  STOCK 

Western  New  York  is  the  home  of  a  considerable  nursery  business 
of  which  Geneva  is  one  of  the  main  centers.  The  growing  of  nursery 
stock  presents  some  peculiar  problems.  Young  trees  are  somewhat 
exacting  in  their  requirements.  From  5,000  to  10,000  trees  are 
usually  grown  on  an  acre  of  land  so  that  the  nursery  business  consists 
of  g;rowmg  trees  in  a  very  intensive  way.  The  soil  must  be  fertile, 
well  drained,  and  well  supplied  with  organic  matter.  The  opinion 
prevails  that  nursery  stock  makes  particularly  heavy  demands  on 
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fertility,  so  that  it  is  not  commonly  grown  on  the  same  land  year 
after  year.  This  view  is  quite  reasonable  when  it  is  considered  that 
there  are  a  large  number  of  individuals  per  acre  which  must  make 
salable  trees  in  one  or  two  years;  and  that  they  are  then  completely 
removed  from  the  soil,  both  roots  and  tops. 

Roberts  (1895)  at  the  Cornell  Station  determined  the  amotmt  of 
fertilizing  constituents  removed  by  an  acre  of  di£Ferent  kinds  of  nur- 
sery stock.  He  found  that,  on  a  basis  of  8,000  trees  per  acre,  the 
apple  removed  annually,  29  poimds  of  nitrogen,  10  pounds  phosphoric 
acid,  and  about  20  poimds  of  potash  per  acre.  This  was  more  than 
was  removed  by  either  pears,  peaches,  or  plums.    (See  Table  2.) 


EXPERIMENT  IN  THE   SMITH   NT7BSERY 

The  experiment  here  described  was  planned  to  show  the  effect 
of  fertilizers  in  hastening  the  growth  of  apple  nursery  stock,  and  is 
confined  to  records  of  diameters  taken  at  the  end  of  the  experiment. 
The  work  began  in  the  spring  of  1912,  and  was  ended  in  the  fall 
of  1914. 

The  nursery  was  located  on  the  land  of  the  Smith  Nursery  Company 
near  Geneva,  on  a  tile-drained  clay  loam  of  the  Ontario  series.  The 
elevation  is  some  700  feet.  An  analysis  of  the  soil  is  given  in 
Table  21. 

Table  21. —  Analtsu  of  Soil  fbom  Apflb  Nubsbbt. 


Constituents 


Nitrogen 

PhoephoruB. . . 
Potassium... . 

Calcium 

l^fagQGsium . . . 
COs  to  CaCOs 
Total  carbon  . 


0-7INCHB8 


Per  cent 


0.184 

0.059 

1.52 

0.62 

0.29 

0.278 

1.85 


Pounds 

in  acre 

7  inches 


3,680 

1,180 

30,400 

12,400 

6,800 

5,560 

37,000 


7-14  Inches 


Percent 


0.103 

0.056 

1.58 

0.61 

0.37 

0.088 


The  soil  is  a  fertile  one,  being  higher  than  our  average  in  nitrogen, 
calcium;  organic  matter,  and  carbonates. 
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FLAN  OF  NTTRSERT  EXPERIMENT 

The  fonowing  is  the  plan  of  treatments.  Each  plat  was  7  by  200 
feet  and  consisted  of  two  nursery  rows  of  trees,  separated  in  all 
cases  by  one  discard  row  of  trees.  The  series  consisted  of  11  plats 
and  was  separated  by  a  discard  space  of  20  feet  from  a  duplicate 
series  of  11  plats  in  which  the  treatments  were  in  reverse  order, 
that  is,  in  one  series  they  ran  from  Plats  1  to  11,  and  in  the  other 
from  Plats  11  to  1,  so  that  Plat  1  in  one  series  was  opposite  (end  to 
end)  Plat  11  in  the  other  series.  This  made  the  check  plats  in  the 
two  series  continuous,  except  for  the  20-foot  discard  space  separating 
the  two  series.  The  arrangement  of  the  plats  and  the  plan  of  treat- 
ment is  shown  in  Fig.  5. 

No.  OF 
FIAT 


1. 

1,000  pounds  add  phosphate.* 

2. 

No  treatment. 

a. 

2,000  pounds  rock  phosphate. 

4. 

4,000  pounds  rook  phosphate. 

6. 

16  tons  manure. 

6. 

No  treatment. 

7. 

2,000  pounds  rock  phosphate  and  16  tons  manure. 

& 

2,000  pounds  rock  phosphate  and  500  pounds  muriate  potash. 

9. 

500  pounds  muriate  of  potash. 

10. 

No  treatment. 

11. 

4,000  pounds  rock  phosphate  and  2  tons  limestone. 

*  Pounds  per  acre. 

Fto.  5. —  Plan  of  Tbsatmbmt  in  Applb  Nubsebt  Expsbdobnt. 


One-half  of  each  series  crosswise  of  the  plats  was  given,  in 
addition,  300  pounds  nitrate  of  soda  per  acre  applied  two  years, 
namely,  in  the  spring  of  1913  and  1914.  The  treatments  above 
outlined  were  made  only  once,  in  1912,  at  the  beginning  of  the  experi- 
ment.   There  were  35  rows  in  the  experimental  block  comprising 
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the  following  varieties:  Rows  1  to  20,  Baldwin;  Rows  21  to  28, 
Mcintosh;  and  Rows  29  to  35,  Oldenburg. 

This  means  that  in  Series  1,  Plats  1  and  2  were  Oldenburg,  Plats  3, 
4,  and  5  were  Mcintosh;  and  Plats  6  to  11  were  Baldwin.  In  Series 
2,  Plats  1  to  6  were  Baldwin;  Plats  7,  8,  and  9  were  Mcintosh;  and 
Plats  10  and  11  were  Oldenburg. 

In  the  fall  of  1914,  all  the  trees  in  the  experiment  were  calipered 
and  averages  taken. 

Like  all  cooperative  experiments,  there  is  an  unfortunate  circum- 
stance to  be  recorded  in  connection  with  this  experiment.  Before 
the  trees  could  be  calipered  some  of  the  workmen  in  the  nursery 
pulled  two  rows  of  stock  thru  both  series.  These  two  rows  happened 
to  be  Plat  6,  a  check  plat,  in  both  series,  so  that  we  have  only  the  two 
checks.  Plats  2  and  10,  with  which  to  make  our  comparisons. 

The  number  of  trees  calipered  in  each  plat  varied  from  168  to  424. 
There  were  3326  trees  calipered  on  Series  2,  and  3295  on  Series  1. 
The  measurements  are  given  in  Table  22. 

The  Baldwins  have  apparently  made  larger  trees  in  both  series 
than  either  the  Mcintosh  or  Oldenburgs.  It  seems  most  logical 
therefore,  to  compare  the  Baldwins  with  the  Baldwin  check,  and  the 
other  two  varieties  with  the  Oldenburg  check  in  each  series. 

The  Baldwin  checks  in  the  two  series  vary  by  0.6,  and  the  Olden- 
burg checks  by  0.4,  or  a  maximum  variation  of  0.6;  so  that  0.6,  or 
less,  would  scarcely  be  a  significant  difference  in  the  experiment. 
Regarding  any  difference  greater  than*  0.6  as  significant,  it  will  be 
noted  that  the  only  positive  effect  from  fertiUzers  has  been  obtained 
on  Plats  7,  8,  9,  and  11.  On  Plats  7  and  8,  the  rock  phosphate 
and  manure  and  the  rock  phosphate  and  potash  combinations  have 
increased  the  growth  of  both  Mcintosh  and  Baldwin.  On  Plat  9 
potash  alone  has  increased  growth  in  Mcintosh  but  not  in  Baldwin. 
Nitrate  of  soda  has  in  no  case  given  an  increase  equal  to  the  significant 
difference  of  0.6;  so  that  it  must  be  concluded  that  nitrogen,  either  as 
nitrate  of  soda  or  in  manure,  has  not  increased  the  growth  of  these 
nursery  trees.  It  should  be  remembered  that  these  trees  were  on 
geod  soil,  and  received  first  class  cultivation. 
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VINEYARD  EXPERIMENT 

In  1914,  Hedrick  and  Gladwin  of  this  Station  reported  the  results 
of  a  fertilizer  experiment  with  grapes  in  Chautauqua  County.  It 
was  found  that,  altho  yields  generally  had  declined  in  the  grape  belt, 
lowered  fertility  was  probably  only  one  of  the  causes.  The  experiment 
proper  was  carried  out  on  one  of  the  better  grape  soils.  Where  similar 
experiments  were  conducted  on  a  variety  of  grape  soils,  the  results 
proved  erratic  and  xmsatisfactory.  The  main  experiment  was 
planned  to  show  the  effect  of  nitrc^n,  phosphorus,  and  potassiimi, 
alone  and  in  combination,  on  vigor,  growth,  3deld,  character  of  fruit, 
and  maturity,  using  the  common  fertilizers,  nitrate  of  soda,  cotton- 
seed meal,  acid  phosphate,  and  soluble  potassimn  salts.  It  was 
found  that  nitrogen  had  a  marked  beneficial  effect  on  yield,  quality 
of  fruit,  and  growth.  lime  had  no  effect,  while  phosphorus  and 
potassiimi  were  not  profitable. 

As  the  grape  industry  developed  in  past  years,  it  was  extended 
to  the  poorer  soil  types  on  the  higher  elevations.  Many  of  the 
vineyards  on  these  poorer  soils  present  quite  a  problem.  The  soil 
is  generally  poorly  drained,  much  of  it  quite  stony,  the  surface 
soil  shallow,  and,  in  many  cases,  the  shale  comes  quite  close  to 
.the  surface.  These  factors  make  many  vineyards  on  these  soils 
improfitable  in  comparison  with  those  on  the  better  soils.  The  gen- 
eral character  of  these  soils  is  so  obviously  the  important  factor  in 
the  poorer  vineyards,  that  it  was  thought  that  perhaps  the  produc- 
tion of  grapes  might  be  made  more  profitable  if  systematic  methods 
of  soil  improvement  were  adopted  at  the  time  or  before  the  vineyard 
was  set  out,  combined  with  good  treatment  afterward.  With  this 
purpose  in  view,  a  piece  of  as  imiform  land  as  possible  was  selected 
on  Dunkirk  shale  loam  soil  about  1^  to  2  miles  southwest  of  Fredonia 
in  Chautauqua  County.  The  slope  is  slightly  to  the  north,  and  is 
adjoined  on  the  south  by  land  of  more  abrupt  slope.  The  elevation 
is  close  to  900  feet.  Since  drainage  was  poor,  the  area  was  first 
tile  drained  in  the  early  spring  of  1912,  the  laterals  running  north  and 
south  about  fifty  feet  apart.  A  bad  feature  of  the  location  is  the 
presence  of  the  higher  land  to  the  south.  In  this  soil  the  shale  is 
near  the  surface,  so  that  in  times  of  heavy  rain  it  is  somewhat  difficult 
to  divert  the  surface  water  away  from  the  yoimg  vineyard.  In  fact, 
in  1916  and  1917,  the  water  above  washed  out  and  overflowed  its 
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outlet  and  gullied  the  end  of  the  vineyard  crosswise  of  the  plats  so 
that  the  yields  had  to  be  corrected  for  this  factor. 

After  draining,  the  land  was  plowed  in  1012,  one-half  of  it  about 
12  iuches  deep  with  a  deep-tillage  machine  crosswise  of  the  plats, 
and  the  other  half  to  the  ordinary  7-inch  depth. 

The  soil  in  this  piece  was  analysed  in  1912  and  the  results  are 
g;iven  in  Table  23. 

Tabui  23. —  Analtsis  or  Soil  fbom  Vinbtahd. 


GONSTITUEMT 


NHrogen 

Phoflphoros... 

Botaarium 

Calcium 

Magaeshim... 
COtasGaCOi 
Total  carbon. 


0-7  Inchxs 


Per  cent 


0.23 

0.057 

1.88 

0.17 

0.41 

0.095 

1.99 


Pounds 

in  acre 

7  inches 


4,600 
1,140 

37,600 
3,400 
8,200 
1,900 

39,800 


7-14 
Inches 


Percent 


0.16 

0.041 

2.20 

0.16 

0.59 

0.061 


Contrary  to  what  might  be  expected,  this  soil  is  well  supplied  with 
nitrogen,  potassium,  and  oi^anic  matter,  is  somewhat  low  in  phos- 
phorus, and  is  quite  low  in  calcium  and  carbonates.  Probably  the 
poor  character  of  the  soil  is  due  more  to  physical  causes  such  as 
drainage,  shallowness,  rock  content,  and  combination  of  plant-food 
constituents,  than  to  actual  low  content  of  total  food  elements. 


PLAN  OF  VINETABD  SXPERIMENT 

The  plats  in  this  experiment  were  arranged  as  follows:  Each 
plat  consists  of  two  rows  of  vines  8^  feet  apart  and  8  feet  in  the  row. 
These  rows  are  320  feet  long,  so  that  each  contains  40  vines,  or  80 
vines  per  plat.  Elach  plat  is  separated  from  the  adjacent  ones  by 
a  discard  row  of  vines.  There  are  in  all  18  plats,  consisting  of  9 
treatments  in  duplicate  series.  The  arrangement  and  treatment 
of  the  plats  is  shown  in  Fig.  6. 

The  phosphorus  and  limestone  treatment  was  to  be  made  every 
two  years.    The  phosphates  were  applied  in  the  smnmer  of  1912, 
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one-half  of  each  before,  and  one-half  after  plowing.  The  land  was 
plowed  in  August  1912,  and  rye  was  sown  in  September.  In  the 
spring  of  1913  the  limestone  was  applied,  and  the  land  again  plowed 
in  the  same  way  as  in  1912. 


No.  OF 
PLAT 


1. 

2,000  pounds  rock  phosphate.* 

2. 

4,000  pounds  rock  phosphate.* 

3. 

ChfM*.k. 

4. 

Complete  fertiliser  annually  after  setting:  200  pounds  acid  phosphate,  250 
pounds  nitrate  of  soda,  and  50  pounds  muriate  of  potash. 

5. 

2,000  pounds  acid  phosphate. 

6. 

2,000  pounds  acid  phosphate  and  4  tons  limestone. 

7. 

Check. 

8. 

4,000  pounds  rock  phosphate  and  4  tons  limestone. 

0. 

4  tons  limestone. 

*  Pounds  per  acre. 

Fig.  6. —  Plan  of  Tbeatmbnt  in  Vinbtabd  ExPBBiifENT. 


The  rye  in  1913  made  a  good  growth  except  on  the  check  plats. 
This  crop  seemed  to  respond  in  a  marked  way  to  both  rock  phos- 
phate and  acid  phosphate,  seemingly  as  well  to  the  one  as  to  the  other. 

The  roots  were  set  in  1913  after  which  the  whole  vineyard  received 
an  application  of  two  tons  of  ground  limestone  per  acre,  except  one- 
half  of  each  check  plat. 

This  vineyard  has  been  well  cared  for,  cultivated  each  year,  and 
a  cover  crop  sown  in  late  summer.  Rye,  barley,  barley  and  vetch, 
and  red  clover  have  been  used.  In  the  spring  of  1914  and  1915, 
about  150  pounds  per  acre  of  nitrate  of  soda  was  used  around  the 
vines  to  hasten  growth  at  the  start. 

In  1914,  when  the  vineyard  was  plowed,  a  marked  difference  inras 
again  noted  in  the  cover  crop.  Vetch  was  used  this  year,  and  "wsa 
exceedingly  poor  on  the  check  plats.  The  growth  on  the  plats 
receiving  phosphorus  in  either  form  was  very  good.  The  vineyard 
was  posted  and  wired  in  the  fail  of  1914.    Each  spring  the  same 
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difference  in  the  cover  crop  could  be  noticed  distinctly.  In  1916 
rye  was  used,  and  the  difference  was  so  marked  that  Plats  2  and  3 
were  left  until  maturity  and  harvested.  Plat  2,  receiving  4000 
pounds  rock  phosphate  per  acre,  gave  340  poimds  of  cured  rye; 
and  Plat  3,  a  check,  gave  112  pounds. 

In  the  severe  winter  of  1917  to  1918  the  vineyard  suffered  some 
winter  injury,  Plat  9  in  Series  2  suffering  more  than  the  others. 

The  vineyard  began  bearing  in  1915,  and  has  borne  each  year. 
From  1918  on,  the  wood  removed  in  pruning  has  been  weighed. 

In  Series  1,  Plats  1  and  2  are  inconsistent,  the  larger  quantity  of 
rock  phosphate  giving  a  lower  yield  than  half  the  quantity,  and  also 
lower  than  the  check.  Neither  are  Plats  5  and  6  consistent,  as  it 
woiQd  not  be  expected  that  acid  phosphate  and  limestone  would  give 
such  an  increase  over  acid  phosphate  alone,  especially  since  the 
acid  phosphate  plat  had  also  received  two  tons  of  limestone  per  acre. 
The  same  is  true  of  Plats  2  and  8  as  here  again  limestone  would  hardly 
be  expected  to  greatly  increase  the  yield,  since  Plat  2  also  received 
two  tons  of  limestone  after  the  vineyard  was  set. 

In  Series  2,  Plat  2  has  again  given  a  much  lower  yield  than  Plat  1, 
and  a  much  lower  yield  than  the  check.  The  complete  fertilizer  plat 
in  both  series  has  given  a  considerable  increase  in  3n[eld  using  any 
method  of  comparison.  This  series  reverses  some  of  the  results  of 
Series  1,  as  for  instance,  in  Plats  5  and  6,  and  8  and  9,  the  sign  of 
the  increase  is  just  reversed.  In  Series  2,  Plat  7,  a  check  plat,  is  by 
far  the  highest  yielding  plat  in  the  vineyard.  With  the  exception 
of  the  complete  fertilizer,  it  must  be  concluded  that  some  other 
factors  besides  the  fertilizers  used  have  been  responsible  for  the  varia- 
tions in  yield.  The  fact  that  in  both  series  complete  fertilizer  has 
increased  the  yield  materially  is  an  indication  that  possibly  available 
nitrogen  is  an  important  factor  in  this  vineyard.  With  this  in  view, 
a  new  plan  of  treatment  has  been  made  for  one  series  of  plats  which 
will  introduce  the  factor  of  available  nitrogen.  At  the  same  time, 
it  has  also  been  pdanned  to  show  the  effect  of  manure  and  potash. 
The  other  series  will  be  left  under  the  original  plan  of  treatment. 

In  Series  1,  the  checks  and  Plat  9  have  produced  the  least  wood. 
As  in  the  yields  of  fruit,  Plat  2  in  both  series  is  lower  than  Plat  1. 
In  Series  2,  Plat  7,  a  check,  is  also  high  in  production  of  wood.  The 
acid  phosphate  plats  are  also  high. 
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Table  25. —  Wbiobt  of  Wood  Rxmovxd  in  1918  and  1919  in  Pounds  pbb  Acbb. 


Fut 

NO. 


TSBAnONT 


Sbbinb  1 


1918 


1919 


Sbbos  2 


1918 


1919 


1 
2 
3 

4 
5 
6 

7 
8 

9 


2,000  poiindB  rock  phoephate 

4,000  pounds  zock  phoflphate 

Check 

Complete  fertiliier 

2,000  pounda  add  phoephate 

2,000  pounds  add  phosphate,  8,000 

pounds  limestone 

Check 

4,000  pounds  rock  phosphate,  8,000 

pounds  limestone 

8,000  pounds  limestone 


PouTuh 
115 
104 
100 
122 
105 

105 
87 

113 

74 


Pounds 

lost 

lost 

75 

98 

113 

101 

07 

77 
65 


Pounds 

110 

93 

90 

117 

133 

138 
130 

118 
59 


Pounds 

105 

82 

78 

115 

118 

109 
129 

125 
72 


It  must  be  remembered  that  this  vineyard  is  young,  and  has  now 
well  established  the  bearing  habit;  so  that  the  nesct  five  years  may 
show  different  results  from  those  secured  the  last  five  years. 

GENERAL  CONCLUSIONS 

In  drawing  general  conclusions  it  must  be  said  that,  with  regard  to 
positive  results,  the  experiments  have  to  date  been  disappointing. 
Evidently,  other  factors  have  been  operative  which  have  outweighed 
and  masked  any  results  of  a  positive  nature  which  may  have  been 
due  to  the  fertilizers  applied.  The  writer  feels  that  the  tree  individu- 
ality factor  together  with  the  small  populations  which  had  to  be 
used  were  not  the  least  important  in  contributing  to  the  results. 
Many  trees  which  have  not  received  good  care,  orchards  on  poor 
soils,  and  those  which  have  to  compete  with  other  crops  for  plant 
food  undoubtedly  respond  to  additions  of  available  plant  food  as 
shown  by  experiments  elsewhere.  The  orchards  used  in  these  exper- 
ments  are  evidently  not  in  this  class,  and  many  years  of  fruit  pro- 
duction might  be  necessary  before  lack  of  available  plant  food  would 
lessen  this  production. 
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SOURCES  OF  AGRICULTURAL  LIMING 

MATERIALS  * 

R.  a  OOLLISON 

INTRODUCTION 

A  number  of  factors  are  in  operation  today  which  make  the  agri- 
cultural lime  situation  somewhat  different  from  that  of  several 
years  ago.  Prices  have  advanced  and  transportation  charges  have 
mcreasedy  while  inefficient  transportation  service  renders  it  difficult 
for  the  farmer  to  .secure  adequate  supplies  of  necessities.  At  the 
same  time,  the  recognition  of  the  need  of  many  soils  for  basic  material 
is  more  pronounced  so  that  the  whole  subject  of  lime  and  liming 
has  never  been  so  important.  The  change  in  the  economic  situation 
makes  it  more  essential  than  ever  that  the  farmer  should  be  able  to 
secure  liming  material  quickly  and  at  the  lowest  cost  possible.  This 
year  many  companies  producing  liming  materials  will  be  forced  to 
caacel  orders  because  they  will  be  imable  to  ship  their  product. 
This  probably  means  many  farmers  will  not  use  Ume  this  year,  and 
if  the  situation  does  not  improve  production  will  be  decreased  on 
those  soils  which  reqtiire  the  addition  of  lime  for  the  best  results. 

In  the  light  of  these  conditions,  it  was  thought  desirable  to  furnish 
as  complete  a  list  as  possible  of  producers  of  liming  materials  serving 
Ihe  fanners  of  the  State.  Many  times,  if  several  sources  are  avail- 
able, one  can  secure  Uming  material  more  economically  by  knowing 
these  sources  and  calculating  comparative  values. 

NECESSITY  OF  LIME 

The  necessity  of  lime  on  many  soils  of  the  State  is  generally 
recogoized.  Unfortunately,  in  those  sections  where  it  is  needed 
most,  there  are  either  no  supplies  or  very  inadequate  supplies  of 
lime.    The  economic  maintenance  of  soil  fertility  depends  on  the 

*  Reprint  of  BuHetin  No.  478,  June,  1920.  For  a  more  detailed  and  complete 
difleiiaaon  of  the  subject  of  ground  Umeetone  and  ita  agricultural  use  see  Bulletins 
Xqb.  400  and  430  of  this  Station. 
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production  of  l^umes  and  good  crops  generally.  Many  of  our  most 
valuable  l^umes  require  a  large  available  supply  of  calcium  and 
a  soil  of  alkaline  reaction. 

At  least  50  to  75  per  cent  of  our  soils  would  be  distinctly 
benefitted  by  the  addition  of  suitable  basic  material.  It  has  been 
satisfactorily  demonstrated  that  a  large  majority  of  the  soils  of 
the  southern  half  of  the  State  would  yield  good  crops  of  clover 
and  alfalfa  if  the  necessary  conditions  were  met,  conditions  which 
include  drainage  and  lime.  Liming  material  on  most  of  these  soils 
is  absolutely  essential  to  the  production  of  these  crops. 

THE  KIND  OF  LIMING  MATERIAL  TO  USE 

There  has  been  much  discussion  of  the  comparative  merits  of 
various  forms  of  basic  material  for  soils.  In  general,  the  matter 
can  be  summed  up  in  the  single  statement:  Use  the  form  which 
is  most  economical  under  local  conditions.  Whether  this  will  be 
burned  lime,  hydrated  lime,  ground  limestone,  or  lime  by-products 
will  depend  on  the  following  conditions:  (1)  grade  of  material  as 
shown  by  the  total  available  neutralizing  ingredients  per  ton  and 
expressed  by  the  so-called  calcium  carbonate  equivalent,  (2)  first  cost 
of  material,  (3)  transportation  charges  per  ton,  (4)  ease  of  handling, 
and  (5)  distance  material  has  to  be  moved  to  farm. 

When  all  five  points  are  considered,  a  good  grade  of  groimd 
limestone  (one  having  a  calciimi  carbonate  equivalent  of  over  90 
per  cent)  will  be  found,  in  the  majority  of  cases,  to  be  most  economical. 
However,  there  are  instances  in  which,  for  one  reason  or  another 
some  other  form  of  liming  material  will  be  more  economical  as  for 
example  in  the  case  of  a  long  haul,  high  freight  charges,  excessive 
prices,  or  a  poor  grade  of  available  supplies. 

FINENESS  OF  MATERIAL 

The  fineness  of  the  material  to  be  used  should  depend  somewhat 
on  the  amoimt  applied.  This  is  particularly  true  of  ground  lime- 
stone. If  a  small  application  of  500  to  1000  pounds  per  acre  is 
made  it  may  be  well  to  have  a  finer  product  than  if  a  heavy  appli- 
cation is  made  such  as  two  tons  or  more  per  acre.  In  the  former 
case,  a  product  practically  all  of  which  passes  a  40-me8h  screen 
would  be  preferable,  while  in  the  latter  case,  one  passing  only  a  10- 
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mesh  screen  would  be  fine  enough.  In  general,  however,  it  will 
be  more  economical  of  labor  to  apply  two  tons  once  every  three  to 
five  year  rotation  than  to  supply  a  small  quantity  each  year. 

MAGNESIUM  LIMESTONES 

On  the  large  majority  of  soils  there  is  no  reason  for  discriminating 
against  magnesium  limestones.  Based  on  its  chemical  action, 
84  pounds  of  magnesium  carbonate  wiU  have  the  same  neutralizing 
effect  on  soil  acidity  as  100  pounds  of  calcium  carbonate,  so  that 
in  this  respect  magneeium  stones  are  superior  to  calcium  limestones. 
The  maximum  percentage  of  magnesium  carbonate  found  in  the 
common  limestones  of  New  York  is  about  45,  so  that  even  in  the 
case  of  such  a  "dolomite,"  there  would  still  be  some  50  to  55  per 
cent  of  calciimx  carbonate.  There  are  many  good  magnesiiun 
limestones  in  the  State.^ 

LIMESTONE  SCREENINGS  AND  CRUSHER  DUST 

Many  large  companies  have  a  great  supply  of  material  as  a 
by-product  from  the  production  of  crushed  stone  and  frequently 
this  material  is  of  very  fair  grade  and  can  be  obtained  cheaply. 
For  example,  one  company  is  prepared  to  furnish  such  material 
in  bulk  car  lots  at  Sl.OO  per  ton.  The  material  usually  runs  from 
one-fourth  inch  pieces  down  to  fine  dust  and  if  applied  in  quantities 
of  two  tons  or  more  per  acre  would  be  a  very  good  source  of  lime, 
providing  analysis  did  not  run  too  low. 

BUYING  LIMING  MATERIAL 

In  the  case  of  ground  limestone,  it  is  usually  cheaper  to  buy 
in  bulk,  that  is  by  the  car  load.  If  much  liming  is  to  be  done  and 
if  applications  of  from  1  to  3  tons  per  acre  are  to  be  made,  it  will 
be  weU  worth  while  to  buy  in  car  lots.  The  cost  of  sacks  and  of 
the  labor  involved  in  sacking  adds  greatly  to  the  cost  of  the  material, 
usually  from  $2.00  to  $4.00  per  ton.  Ground  limestone  may  be 
purchased  at  such  a  time  that  it  can  be  hauled  directly  to  the  field 
and  applied;  or  it  can  be  stored,  as  it  keeps  indefinitely,  altho  it  should 
be  protected  from   rain. 

iTacfanical  Bulletin  No.  47  of  this  SttttioQ. 
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In  buying  any  kind  of  lime  material,  what  is  desired  is  the  greatest 
amount  possible  of  available  calcium  per  dollar  invested. 

CALCULATING  COMPARATIVE  COST  OF  MATERIALS 

The  farmer  often  has  several  quotations  on  different  products 
varying  in  quality,  price,  freight  rates,  and  hauling  distance.  It  is 
always  desirable  to  know  which  of  these  products  would  be  most 
economical  when  all  factors  are  considered  but  many  times  this  is 
a  difficult  matter  to  determine.  In  the  first  place,  analyses  of 
material  are  not  uniform;  then  the  producers  guarantee  and  the 
actual  analyses  do  not  always  agree;  and,  again,  different  lots  from 
the  same  quarry  or  kiln  may  vary  considerably.  If  the  actual 
calcium  carbonate  equivalent  of  the  material  was  known,  it  would 
be  a  relatively  simple  matter  to  calculate  comparative  costs  laid 
down  in  the  field. 

Table  1  has  been  prepared  to  aid  in  making  such  calculations. 
To  use  this  table,  it  is  necessary  to  know  the  following:  (1)  the 
approximate  calcium  carbonate  equivalent  of  the  material,  (2)  the 
original  cost  of  the  material  per  ton,  (3)  the  freight  ^t  ton  to 
destination,  and  (4)  the  approximate  cost  of  hauling  and  application. 

If  two  or  more  samples  are  being  considered  on  which  any  of 
above  items  are  the  same,  these  items  can  be  left  out  of  the 
calculation.  That  is,  if  two  products  are  being  compared  on 
which  the  freight  per  ton  is  the  same,  or  on  which  the  first  cost 
per  ton,  or  any  other  item  is  the  same,  this  item  does  not  have  to 
be  taken  into  account.  Such  a  calculation  will  of  course,  give  the 
comparative  ratio  of  cost  only;  that  is,  it  will  show  which  of  two  or 
more  products  is  the  cheaper  to  buy.  If  the  actual  cost  per  unit 
of  material  is  desired,  all  the  above  items  must  be  taken  into  con- 
sideration. 

The  simi  of  the  above  items  make  up  what  may  be  called  the 
total  cost  per  ton  of  material.  The  calculations  given  in  the  table 
are  figured  for  each  $1.00  of  total  cost  per  ton  and  on  a  basis  of  100 
poimds  actual  calcium  carbonate  for  percentages  of  calcium  carbonate 
equivalent  ranging  from  60  to  180.  These  percentages  cover  the 
ranges  of  low  grade  and  high  grade  limestone,  magnesium  limestone, 
hydrated,  and  burnt  lime,  or  any  other  material  in  which  the  total 
carbonates  or  carbonate  equivalents  are  known. 
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GALGITTM  CARBONATE  BQUIVALBNT 

By  this  tenn  is  meant  the  total  neutralizing  ability  of  any  material 
esqpressed  in  percentage  of  CaCOs  (calcium  carbonate)     Analyses 

Table  1. —  Data  for  Galoulating  OoMPARATnrB  Costb  of  LiiaNG  Matbbials 
Havino  Various  CALoniM  Gabbonatb  Equivalbntb  Ranging  fbom  50  to 
180  PfeB  Cent. 

Cost  of  100  pounds  CaCOi  per  each  $1.00  total  cost  per  ton. 


CaCOi 
Equiv- 

AUBNTB 


Per  Cent 

60 

51 

52 

53 

54 

55 

56 

67 

58 

60 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 

70 

71 

72 

73 

74 

75 

76 

77 

78 

79 

80 

81 

82 

83 

84 

85 

86 

87 

88 

80 


Cost  of 
100 

POUNDS 

GaCOk 


CenJta 
10.00 
0.80 
9.62 
9.43 
9.27 
9.09 
8.93 
8.77 
8.63 
8.48 
8.33 
8.20 
8.07 
7.94 
7.82 
7.6 
7.68 
7.47 
7.36 
7.25 
7.14 
7.04 
6.95 
6.85 
6.76 
6.67 
6.58 
6.49 
6.41 
6.33 
6.25 
6.17 
6.10 
6.03 
5.95 
5.88 
5.82 
5.75 
5.68 
5.62 


GaCOi 

Equiv- 
alents 


Per  cerd 

90 

91 

92 

93 

94 

95 

96 

97 

98 

99 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

110 

Ill 

112 

113 

114 

116 

116 

117 

118 

119 

120 

121 

122 

123 

124 

125 

126 

127 

128 

129 


Cost  of 

100 
pounds 
CaCOs 


Ceni% 
5.56 
5.60 
5.44 
5.37 
5.32 
5.26 
5.21 
5.15 
5.10 
5.06 
5.00 
4.95 
4.90 
4.85 
4.81 
4.76 
4.72 
4.67 
4.63 
4.68 
4.54 
4.60 
4.46 
4.43 
4.39 
4.36 
4.31 
4.28 
4.24 
4.20 
4.16 
4.13 
4.10 
4.07 
4.03 
4.00 
3.97 
3.94 
3.91 
3.88 


GaCOk 

Equiv- 
alents 


Per  cent 

130 

131 

132 

133 

134 

135 

136 

137 

138 

139 

140 

141 

142 

143 

144 

146 

146 

147 

148 

149 

160 

161 

162 

153 

164 

166 

166 

167 

168 

169 

160 

161 

162 

163. 

164. 

166 

166. 

167. 

168 

169. 


Cost  of 
100 

POUNDS 

CaCQi 


Cenis 
3.86 
3.82 
3.79 
3.76 
3.73 
3.70 
3.68 
3.66 
3.62 
3.60 
3.67 
3.66 
3.62 
3.60 
3.47 
3.46 
3.42 
3.40 
3.38 
3.36 
3.33 
3.31 
3.29 
3.27 
3.26 
3.22 
3.20 
3.18 
3.16 
3.14 
3.12 
3.11 
309 
3.07 
3.05 
3.03 
3.01 
2.99 
2.98 
2.96 


CaCQi 

Equiv- 
alents 


Percent 

170 

171 

172 

173 

174 

175 

176 

177 

178 

179 

180..'... 


Cost  of 

100 
pounds 
CaCOk 


CentB 
2.94 


2 
2 
2 
2 
2 


92 
91 
89 
87 
86 
2.84 
2.82 
2.81 
2.79 
2.78 
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differ  in  method  of  statement.  Many  companieB  handling  liming 
materials  will  give  the  calcium  carbonate  equivalent  or  other  analysis 
when  requested  to  do  so.  If  such  analysis  is  stated  in  terms  of 
calcium  and  magnesium  oxides,  multiply  the  percentage  of  calcium 
oxide  (CaO)  by  1.8,  and  the  percentage  of  magnesium  oxide  (MgO) 
by  2.1;  then  add  these  two  rraults  together,  and  the  sum  will  be  the 
calcium  carbonate  equivalent  of  the  sample. 

If  the  analysis  is  stated  in  terms  of  calcium  and  magnesium  car- 
bonates, multiply  the  percentage  of  magnesium  carbonate  by 
1.2,  and  add  this  to  the  percentage  of  calcium  carbonate.  The 
sum  is  the  calcium  carbonate  equivalent. 

I 

EXAMPLES 

In  the  table,  the  first  column  gives  the  percentage  of  calcium 
carbonate  equivalent  and  the  second  colmnn  the  cost  of  100  pounds 
actual  calcium  carbonate  per  $1.00  total  cost  per  ton. 

Example  1. —  It  is  assumed  that  two  products,  both  ground  lime- 
stones, are  under  consideration.  One  of  these  analyzes  85  per  cent 
and  the  other  95  per  cent  calcium  carbonate  equivalent.  The 
former  costs  $2.50  at  the  quarry,  the  freight  rate  is  $2.00  per  ton, 
and  it  costs  $1.50  a  ton  to  haul  and  apply  it  to  the  land.  The  latter 
costs  $3.00,  freight  $2.50,  and  hauling  and  applying  $1.50.  This 
gives  the  85  per  cent  product  a  total  cost  of  $6.00  per  ton,  and  the 
95  per  cent  product  a  total  cost  of  $7.00  a  ton.  Looking  up  these 
two  analyses  in  the  table,  we  find  that  iu  the  case  of  the  85  per  cent 
grade,  100  poimds  CaCO^  cost  5.88  cents,  and  in  the  case  of  the 
95  per  cent  grade,  100  poimds  CaCO^  cost  5.26  cents  for  each  $1.00 
total  cost;  or  for 

$6.00  total  cost,  6  x  5.88  cents  =  35.3  cents,  and  for 
$7.00  total  cost,  7  x  5.26  cents  =»  36.8  cents. 

Therefore,  under  these  particular  conditions,  the  85  per  cent 
grade  would  be  a  little  the  cheaper.  Different  conditions,  of  oouiae, 
might  reverse  this. 

Example  S. —  Again,  it  is  assumed  that  a  burned  lime,  a  hydiated 
lime,  and  a  ground  limestone  are  under  consideration. 

The  data  on  the  burned  lime  sample  are  as  follows:    CaO,  05.6 
per  cent;  cost  per  ton,  $12.50;  freight  per  ton,  $3.00;  and  hai 
and  applying  $1.50  per  ton.    The  calcvdatioQ  follows: 
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05.6  per  cent  CaO  x  1£»172.0  per  cent  OaOQi  equivalent. 
$12.50  plus  $3.00  plus  $1.50  =  $17.00  total  cost  per  ton. 
From  the  table,  100  pounds  172  per  cent  CaCQs  costs  2.91  cents 

p^  $1.00  cost  per  ton. 
Therefore,  $17.00  total  cost  x  2.01  =  49.5  cents,  cost  of  the 

material 

The  data  on  the  hydrated  lime  sample  are  as  follows:  CaO, 
72.2  per  cent;  cost  per  ton,  $15.00;  freight  per  ton,  $3.00;  and 
hauling  and  applying  $1.00  per  ton.    The  calculation  follows: 

72.2  per  cent  CaO  x  1.8  =s  130  per  cent  CaCOs  equivalent. 
$15.00  plus  $3.00  plus  $1.00  =»  $19.00  total  cost  per  ton. 
From  the  table,  100  poimds  130  per  cent  CaCOt  costs  3.85  cents 

p^  $1.00  cost  per  ton. 
Therefore,  $10.00  total  cost  x  3.85  =  73.2  cents,  cost  of  the 


The  data  on  the  ground  limestone  sample  are  as  follows:  CaO, 
30.0  per  cent;  MgO,  20.7  per  cent;  cost  per  ton,  $3.00;  freight  per 
ton,  $3.00;  and  hauling  and  applying,  $1.50  per  ton.  The  calculation 
follows:     •^-  *  • 

30.0  per  cent  CaO  x  1.8  =  54.0  per  cent  CaCOs  equivalent. 
20.7  per  cent  MgO  x  2.1  =  43.5  per  cent  CaCOs  equivalent. 
54.0  plus  43.5  =  07.5  per  cent  CaCOi  equivalent  (total). 
$3.00  plus  $3.00  plus  $1.50  =  $7.50  total  cost  per  ton. 
From  the  table,  100  pounds  07.5  per  cent  CaCOs  costs  5.12 

cents  per  $1.00  cost  per  ton. 
Therefore,  $7.50  total  cost  x  5.12  =  38.4  cents,  cost  of  material. 

In  this  example,  the  ground  limestone  would  furnish  the  cheapest 
sapply  of  calcium  carlxmate. 

These  examples  are  merely  given  to  show  the  method  of  calculating 
comparative  costs,  and  may  not  at  all  represent  actual  conditions. 

PRODUCERS  OF  LIMING  MATERIALS 

In  compiling  the  lists  of  producers  who  supply  the  farmers  of 
New  York  State  with  liming  materials,  it  was  the  endeavor  to  make 
them  as  complete  as  possible;  however,  undoubtedly  a  few  have 
been  overlooked.  The  author  here  wishes  to  thank  the  Farm 
Bureau  Ag^ts  of  the  State  for  their  cooperation  in  helping  to  bring 
up  to  date  the  lists  given  in  Tables  2  and  3. 
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Tabiji  3. —  Pboougubs  of  LmiNO  Matebiau^  Outbids  New  Yobx  Statb. 


Namb 


94.  Clifford  L.  MiUer 

05.  Orangen  lime  Co 

06.  SteamB  lime  Co 

07.  Bessemer  limestone  Co 

06.  J.  E.  Baker  Co 

00.  Carbon  Limestone  Co 

100.  Clvdesdale  lime  db  Stone  Co. 

101.  Edison  Portland  Cement  Co. 

102.  Kelley  Island  lime  Co 

103.  McKeefrey  db  Co 

104.  New  England  limestone  Co. 

105.  Norwich  Chemical  Co 

106.  Pownal  Limestone  Co 

107.  Vermont  Marble  Co 

108.  Palmer  Lime  db  Cement  Co. . . 


Addbbbs 


280  Madison  Ave.,  N.  Y.  City. 
Hartford,  Conn 


Danbury,  Conn 

Youngstown,  Ohio 

Baml^dge,  Pa 

Youngstown,  Ohio 

PittBburg,  Pa 

Stewartimlle,  N.  J 

Cleveland,  Ohio 

Leetonia,  Ohio 

Adams,  Mass 

Buffalo,  N.Y 

N.  Pownal,  Vt 

Rutland,  Vt 

New  York  City  and  York  Pa. 


Location  of 
quabbt 


W.  Stoekbridge, 

Mass. 
W.  Stoekbridge, 

Mam. 
Danbury,  Conn. 
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REPORT  OF  THE  DEPARTMENT  OF 

BACTERIOLOGY 


THE  PRODUCTION  OF  HIGH  GRADE  MILK  WITH 
MILKING  MACHINES  UNDER  FARM  CONDI- 
TIONS * 

JOHN  W.  BRIGHT 

SUMMARY 

X.  Iq  order  to  determine  whether  the  cleaning  methods  for  milking 
machines  found  successful  at  the  Station  were  practical  for  the 
average  dairyman,  and  applicable  to  types  of  machines  other  than 
the  one  in  use  at  the  Station,  these  methods  have  been  tested  at 
two  dairies  sending  milk  into  Geneva.  Conditions  have  also  been 
observed  at  a  third  dairy  where  the  dairyman  had  used  methods 
of  cleaning  which  produced  good  results. 

2.  The  quality  of  the  milk  produced  by  the  dairies  previous  to, 
and  later  flian,  the  work  described  here  was  determined  from  the 
records  of  the  bacteriological  examinations  made  by  the  persons 
in  charge  of  the  milk  inspection  work  for  Geneva.  These  records 
were  based  upon  a  determination  of  the  approximate  numbers  of 
bacteria  present  in  the  milk  as  brought  to  the  city. 

3.  Trouble  had  been  experienced  at  Farm  A  in  continuously 
producing  a  milk  with  a  low  germ  content.  A  ten-day  visit  was 
therefore  made  to  this  farm  during  which  time  the  author  observed 
conditions,  and  introduced  cleaning  methods  similar  to  those  used 
at  the  Station.  Numerous  tests  of  the  milk  showed  that  at  this 
farm,  at  this  time,  the  chief  trouble  arose  from  a  failure  to  scald 
and  dry  metal  utensils  properly.  The  milking  machine  tubes  were 
reasonably  clean,  and  were  kept  in  a  solution  of  brine  and  chloride 
of  lime  widch  was  in  satisfactory  condition,  tho  various  details  in 
the  care  given  the  tubes  could  have  been  improved.  Improved 
methods  were  introduced  with  the  result  that,  so  long  as  the  care 
of  the  machines  remained  under  observation,  all  cans  of  milk  sent 
to  Geneva  were  found  to  have  a  low  germ  content.  During  the 
seven  months  that  have  elapsed  since  the  visit  was  madOi  the 
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quality  of  the  milk  from  tliis  fann,  tfao  variable^  has  been  better 
tiian  it  was  previous  to  the  visit.  Observations  lead  the  autiior  to 
believe  that  the  fluctuations  in  quality  were  due  to  a  failure  on 
the  part  of  the  dairyman  to  attend  to  all  of  the  essential  details  of 
the  cleaning  process. 

4*  Trouble  had  also  been  eiperienced  at  Farm  B  in  produdng  a 
his^  grade  mUk,  and  an  eight  day  visit  was  made  to  study  conditions. 
Investigation  showed  that  there  were  many  possible  sources  <rf 
trouble  at  this  place,  beginning  with  poor  cleaning  of  the  teat-cups 
and  tubes,  pails  and  other  utensils.  In  addition,  the  sterilizuig 
solution  used  for  the  rubber  tubes  was  weak  both  in  salt  and  in 
chloride  of  lime,  while  the  milk  was  not  cooled  satisfactorily  before 
shipping.  The  introduction  of  better  methods  of  cleaning  and 
caring  for  the  utensils  largely  removed  ike  difficulty,  flio  this  was 
not  cleared  up  entirely  imtil  the  milk  was  cooled  more  effldenfly. 
So  long  as  tiiese  things  were  imder  control,  tiie  milk  reached  tiie 
city  with  a  low  germ  content  even  tho  it  was  shipped  27  mUes  without 
icing  and  was  never  cooler  than  62^  F. 

5.  A  description  of  conditions  at  Farm  C  is  also  included  because 
at  this  farm  tiie  daiiyman  himself  had  adapted  the  Station  methods 
of  cleaning  machines  to  his  own  conditions  so  successfully  that  he 
had  maintained  an  almost  perfect  record  for  producing  milk  witii 
a  low  germ  content.  This  record  corresponded  witii  the  excellent 
record  maintained  by  tiie  same  man  during  periods  when  his  herd 
was  milked  by  hand.  Some  difficulty  which  he  experienced  during 
the  spring  of  19x9  disappeared  following  tiie  use  of  a  sterilizing 
solution  for  tiie  teat-cups  and  tubes  which  contained  salt  as  well 
as  a  strong  solution  of  chloride  of  lime.  Great  care  was  maintained 
at  this  farm  at  all  times  to  keep  the  machines  as  well  as  all  other 
milk  utensils  in  a  cleanly  condition. 

6.  The  chief  conclusions  to  be  drawn  from  tiie  observations  are: 
that  the  methods  of  cleaning  are  more  important  than  the  type  of 
the  milker  in  determining  the  germ  content  of  the  milk,  and  that 
high  grade  milk  can  be  produced  with  the  milkers  under  observation 
provided  they  are  cleaned  and  cared  for  twice  a  day  for  365  days 
in  tiie  year  by  methods  known  to  give  good  results.  Success  cannot 
be  attained,  however,  by  doing  the  work  in  a  half-hearted  way. 
The  neglect  of  any  one  of  several  important  details  in  the  cleaning 
process  may  make  all  the  difference  between  success  and  failure. 


New  York  AGRicui/ruBAL  Experdosnt  Station.         121 

INTRODUCTION 

Tie  extensive  u&e  of  the  mechanical  milker  during  the  past  four 
or  five  years  has  greatly  complicated  the  problem  of  producing  high 
grade  milk.  The  milking  machine  with  its  rubber  tubes,  pail  lid 
with  milk  spigots  and  valves,  and,  generally,  a  more  or  less  com- 
plicated pulsator,  and  heavy  pail  requires  much  greater  care  than 
do  the  simple  milk  pails  used  in  hand  milking.  While  the&e  parts 
entirely  enclose  the  milk  in  its  passage  from  the  teat  to  the  pail, 
and  so  protect  it  from  contact  with  human  hands  and  from  sediment 
and  dust,  they  may  at  the  same  time  seed  the  milk  with  excessive 
numbers  of  bacteria. 

Thus,  while  machine-drawn  milk  is,  in  one  sense  of  the  word, 
cleaner  than  the  average  hand-drawn  milk,  yet  in  another  sense 
(if  we  regard  the  accumulation  of  bacteria  in  the  milky  material 
left  in  poorly  cleaned  tubes  as  dirt)  the  average  machine-drawn  milk 
18  not  as  dean  as  hand-drawn  milk. 

As  it  is  a  relatively  simple  matter  to  protect  machine-drawn  milk 
from  extraneous  dirt  and  sediment,  little  attention  is  given  this 
phase  of  the  matter  in  the  present  bulletin,  and  the  discussions 
are  largely  confined  to  the  difficulties  actually  encountered  by 
fanners  in  keeping  the  milk  drawn  thru  the  milking  machine  free 
from  excessive  numbers  of  bacteria. 

If  market  milk  is  to  reach  the  consumer  as  it  should  reach  him, 
clean  and  piure  and  of  good  keeping  quality,  it  must  be  carefully 
handled  from  the  time  it  leaves  the  udder  of  the  cow  until  it  is 
delivered  into  the  hands  of  the  consumer.  One  of  the  most  essential 
points  in  the  handling  is  to  see  that  all  utensils  into  which  the  milk 
is  poured  or  thru  which  it  passes  are  thoroly  clean. 

The  requisites  for  the  successful  care  of  the  milking  machine  are: 
Plenty  of  hot  water,  a  good  washing  compound,  a  rack  for  dr3dng, 
a  good  sterilizing  solution  in  a  large  crock,  and  a  willingness  to 
use  care  twice  a  day  for  365  da3rs  in  the  year. 

As  a  result  of  the  ease  with  which  machines  become  seeded  with 
bacteria,  the  following  method  for  the  care  of  the  machine  has  been 
developed  at  the  Station.  A  rapid  but  careful  washing  of  the 
machines  by  drawing  successive  pails  of  cold  water,  hot  alkali  water, 
and  dear  hot  water  thru  them  immediaJUly  after  every  milking  \ 
immeision  of  the  teat-cups  and  all  rubber  parts  in  a  good  steril- 
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izing  solution   between   milkings,   mipplemented  by  a  very  thoro 
weekly  overhauling  of  the  teat-cupe  and  tubes;  and  the  daily  scald- 
inn  anA  thnm  ilrying  of  all  the  metal  parts  that 
with  the  milk  eoccept  those  parts 
lizing  solution.' 

eems  rather  complicated  to  many 
3  users  and  prospective  buyers, 
use  of  the  difficulty  experienced 
in  obtaining  a  good  supply  of 
hot  water.  In  view  of  our  ex- 
perience with  machines,  how- 
ever, it  seems  necessary  to  use 
an  abundance  of  hot  water, 
i.  e.,  more  than  a  tea  kettle 
full,  if  the  utensils  are  to  be 
kept  in  a  cleanly  and  essen- 
tially sterile  condition.  Inas- 
much aa  the  cleaning  of  the 
machines  miist  be  done  at  the 
bam  or  in  the  milk  house,  the 
hot  water  supply  should  be 
av^able  at  the  same  places. 
Where  the  bam  is  equipped 
with  running  water,  a  hot 
FiQ.  7. — A  CoNvxTnuNT  Oorrrr  toa  H>at>  water  tank  and  heating  coil 
ma  Wawe  wi™  Wood.  --i   can  be  instaUed,  and  the  cofl 

heated  by  means  of  a  wood  or  coal  stove,  a  gas  burner,  or  a  kerosene 
burner.  If  there  is  no  running  water  supply  in  the  bam,  then  the 
water  may  be  heated  in  a  large  boiler  oa  a  wood,  gas,  or  kerosene 
stove  placed  in  the  milk  room  or  some  other  safe  place  where  the 
danger  of  fire  is  reduced  to  a  minimum.  Suitable  outfits  areshown 
in  the  illustrations.     (See  Figs.  7,  8,  and  9.) 

1  Harding,  H.  A.,  Wilaoo,  J.  K.,  Mid  Smith.  0.  A.  Milking  nuwhiim:  t.  Effect 
oT  melhod  of  handluif  on  the  germ  content  of  tlw  milk,  N.  Y.  Agr.  Exp.  8U.,  BuL  317. 
1909.    (Out  of  print.) 

Smith,  G.  A.,  and  Hording,  H.  A.  MiUciog  machines:  II.  EfTect  of  machine 
melhod  of  milking  upon  the  milk  flow.    N.  Y.  Agr.  Exp.  Sta.,  Bui.  353.  1912. 

Rueble,  G.  L.  A„  Breed  R.  S.,  uid  Smith,  O.  A.  MOUng  mMhinw:  III.  As  a 
source  of  bacteria  in  milk.  IV.  Methods  of  maintaining  in  a  Dacteria^ree  condition. 
N.  Y.  A^.  Exp.  Sta.,  Bui.  4E0.    1918. 

TbMe  bullellna  are  also  iswed  io  a  popular  edition.    Cirettlar  No.  S4  give*  m 
of  prqiaring  steriliiing  MlutiooB,  and  tha  like. 
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Coupled  with  the  use  of  plenty  of  hot  water  is  the  equally  impor- 
tant process  of  proper  drying  of  all  pails  and  pulsators.  To  accom- 
plish this,  one  should  either  erect  a  good  drying  rack  out  in  the  open 
air,  where  the  utensils  may  be  inverted  and  exposed  to  a  maximum 
of  sunlight  and  fresh  air  with  a  minimum  of  dust;  or  racks  may  be 
80  arranged  as  to  expose  the  utensils  to  the  heat  of  the  fire. 

While  the  methods  outlined  have  given  good  results  as  practiced 
at  the  Station  for  more  than  ten  years,  yet  the  farmers  of  the  region 
about  Geneva,  who  have  introduced  apparently  similar  methods  of 
cleaning  and  caring  for  their  machines,  have  generally  failed  to 
secure  equally  good  results.  As  inspection  of  these  dairies  usually 
gave  evidence  that  directions  were  not  being  followed  in  all  details, 
a  conviction  gradually  developed  that  this  lack  of  attention  to 
detail  was  the  reason  for  the  faUure  to  produce  milk  free  from  exces- 
sive numbers  of  bacteria. 

THE  GENEVA  MARKET  MILK  SUPPLY  AS  INFLUENCED 
BY  THE  USE  OF  MILKING  MACHINES 

Since  1915  the  Station  has  been  in  charge  of  the  milk  control 
work  for  the  city  of  Geneva.^  During  this  time  practically  all  the 
milk  sent  into  the  city  has  been  distributed  as  Grade  B  pasteurized^ 
The  milk  is  delivered  by  about  sixty-five  dairymen  at  two  central 
receiving  plants,  and  is  there  pasteurized  and  bottled  for  distribution. 
Samples  for  bacteriological  analysis  and  sediment  tests  are  collected 
on  the  platform  from  the  individual  cans  before  the  milk  is  emptied 
into  the  receiving  vats. 

In  the  four  and  one-half  years  extending  from  February,  1915, 
until  the  first  of  July,  1919,  22,134  cans  of  milk  have  been  examined 
for  the  purpose  of  exercising  a  control  over  the  quality  of  the  milk 
supply.  Of  this  number,  5,351  cans  were  produced  with  the  aid 
of  milking  machines,  and  16,231  by  hand  milking,  leaving  552  cans 
which  can  not  be  taken  into  account  because  of  uncertainty  as  to 
the  method  of  their  production.    During  this  time  the  percentage 

^  Bkeed,  R.  8.,  and  Brew,  J.  D.  The  control  of  bacteria  in  market  milk  by  direct 
mlcroflcopic  examination.    N.  Y.  Agr.  Exp.  Sta.,  Bui.  443.    1917. 

Breed,  R.  S.  Questione  oonceniing  tbe  control  of  a  city  mflk  supply  answered. 
N.  Y.  A«r.  Exp.  Sta.,  Bui.  466.    1918. 

*8ee  the  Sanitary  Code  eeUbliahed  by  the  Public  Health  Council  of  the  State  of 
NewYotk.    Chi^iterlll.    MOk  and  Cream.    1914. 
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of  machine-drawn  milk  has  varied  from  a  minimum  of  19.1  per  c^it 
in  1917  to  a  maximum  of  30.1  per  cent  in  1918. 

It  is  in  the  production  of  high  grade  milk,  however,  rather  than 
in  the  production  of  milk  in  general  that  we  are  particularly  inter- 
ested, and  an  examination  of  the  records  shows  that  of  the  total 
number  of  samples  graded  during  the  four  and  one-half  years, 
18,758  (86.5  per  cent)  were  graded  as  excellent  or  good,  2,478 
(11.4  per  cent)  were  graded  as  medium,  and  536  (2.5  per  cent)  were 
graded  as  poor.^  Sixteen  thousand  two  hundred  and  thirty-one  of 
these  samples  were  of  hand-drawn  milk,  and  of  this  niunber,  14,608 
(90  per  cent)  graded  as  excellent  or  good,  1,396  (8.6  per  cent)  graded 
as  medium,  and  227  (1.4  per  cent)  graded  as  poor.  Five  thousand 
three  hundred  and  fifty-one  of  them  were  machine-drawn  samples, 
and  of  these,  3,955  (73.9  per  cent)  graded  as  excellent  or  good, 
1,153  (21.5  per  cent)  graded  as  medium,  and  243  (4.6  per  cent) 
graded  as  poor.  These  percentages  are  graphically  represented  in 
Chart  I. 

This  chart  shows  that  the  bacterial  quality  of  milk  brought  to 
the  city  would  have  been  materially  improved  by  the  elimination 
of  that  brought  from  the  farms  where  machines  were  used. 

The  detailed  inspection  records  indicate  that  the  amount  of  poor 
quaUty  milk  brought  from  the  group  of  farms  using  machines  was 
less  than  it  would  have  been  had  no  pressure  been  brought  to  bear 
upon  these  farmers.  This  pressure  was  very  real  in  that  one  man 
was  forbidden  to  bring  milk  into  the  city  because  of  continued  failure 
to  keep  his  machine  in  a  sanitary  condition,  while  the  premiimi 
which  was  paid  for  bringing  in  high  grade  milk  was  frequently 
withheld  from  men  using  milking  machines  because  of  the  poor 
quality  of  their  product. 


^  AIlVa<iitV  hAS  been  done  by  direct  microecopic  examination  of  dried  milk  smean. 

Excellent  —  Contained  leas  than  300,000  individual  bacteria  per  cc.  Would  meet 
the  bacteriological  requirements  for  a  Grade  A  raw  milk. 

Good  —  Contained  more  than  300,000  and  leas  than  1,000,000  individual  bacteria 
per  cc.    Would  meet  the  requirements  for  a  Grade  A  pasteurized  mUk. 

Medium  —  Contained  more  than  1,000,000  and  leas  than  10,000,000  individual 
bacteria  per  cc. 

Poor  —  Contained  more  than  10,000,000  individual  bacteria  per  co.  Would  not 
even  meet  the  requirements  for  a  milk  satisfactory  for  pasteurisation  as  Grade  B. 

While  the  exact  relation  between  these  counts  and  the  ordinary  agar  plate  counts 
cannot  be  given,  it  should  be  stated  that  counts  of  individual  bactoia  usuieUly  average 
about  five  times  the  me  of  ordinary  agar  plate  counts.  See  Tech.  Bui.  No.  49  for  a 
description  of  the  technique  used. 
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Tet  in  spite  of  this  pfessuie,  the  resulting  conditions  can  scarcely 
be  called  satisfactory.  Unless  the  men  using  milking  machines  can 
get  as  good  quality  milk  as  those  men  who  practice  hand  milking,  the 
band  milker  will  remain  a  severe  competitor  of  the  milking  machine. 

While  it  is  the  tendency  of  control  officials  to  regard  the  chief 
problems  presented  by  the  present  day  milking  machine  as  sanitary 

Ghabt  L— Qualitt  or  Gsnsva  Milk  Supply,  1915-1919. 
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Eand-dmwn  Mint 
lflb231  Samploe. 


0k861  Samples. 


1  Excellent  and  good. 
Medium. 
Poor. 


oneSy  the  average  dairyman  who  is  operating  the  machine  is  inclined 
to  think  that  mechanical  defects  constitute  the  principal  difficulties. 
Not  so  much  mechanical  defects  of  the  machine  itself,  perhaps,  but 
rather  of  the  gas  engine  that  is  generally  used  to  furnish  the  power 
to  operate  the  machine.  Wherever  gas  engines  are  used  there  is 
frequentiy  more  or  less  trouble,  particularly  if  the  operator  is  not 
mechanicaUy  inclined.    But  so  far  as  machines  themselves  are 
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oonoemed,  experience  shows  that  they  are  reasonably  sucoeBsfuI 
from  the  mechanical  standpoint. 

However,  it  can  scarcely  be  claimed  from  the  sanitary  standpcHnt 
that  the  manufacturers  of  machines  have  even  yet  given  sufficient 
attention  to  proper  construction.  They  have  not  realized  the 
importance  of  eliminating  all  possible  seams  or  crevices  that  gather 
dirt.  Likewise,  not  all  manufacturers  have  given  sufficient  atten- 
tion to  the  construction  of  leak-proof  valves  at  the  point  which 
guards  possible  leakage  into  the  milk  from  the  main  vacuum  line. 
This  line  cannot  be  cleaned  satisfactorily  with  methods  ordinarily 
available,  and  may  become  foul  with  milky  vapor,  condensation 
water,  and  like  material.  Even  a  drop  of  this  material  in  a  single 
pail  of  milk  produces  a  detectable  contamination. 

Further  study  could  profitably  be  given  by  many  of  the  manu- 
factiu^rs  to  the  selection  of  suitable  metal  allo}^  for  use  in  the 
teat-cups  and  pulsators.  These  should  be  such  as  are  not  corroded 
by  the  commonly  used  washing  compounds  and  sterilizing  solutions. 
It  would  also  be  very  desirable  if  a  standard  grade  of  rubber  were 
used  for  tubes  and  inflations;  one  which  would  withstand  the  action 
of  the  animal  fats,  a  generous  use  of  hot  water,  and  which  would 
have  fairly  uniform  wearing  qualities. 

PBACTICAL  EXPERIENCES  ON  FARMS  USING  MILKING 

MACHINES 

As  a  result  of  the  faUure  of  some  nearby  dairies  to  produce  high 
grade  milk,  the  writer  visited  two  farms  to  watch  operations  closely, 
and  then  to  operate  and  clean  the  machines  in  order  to  introduce 
such  procedures  as  were  necessary  in  order  continuously  to  produce 
good  milk. 

FARM  A 

Considerable  trouble  in  producing  a  low  count  milk  had  been 
experienced  at  this  farm.  Two  Empire  units  had  been  in  use  there 
for  some  time.  Since  the  milk  had  started  to  come  into  Geneva 
from  Farm  A  in  August,  1918,  175  cans  of  milk  had  been  examined 
up  to  May  17,  1919,  at  which  time  the  investigation  began.  Of 
this  number,  94  (53.6  per  cent)  were  graded  ^  as  excellent,  26 
(14.8  per  cent)  were  graded  as  good,  38  (21.7  per  cent)  were 
graded  as  medium,  and  17  (9.9  per  cent)  were  graded  as  poor. 

^  See  footnote  on  p.  124. 
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The  average  of  all  the  milk  (3,153  cans)  examined  at  the  Station 
during  the  same  period  was  as  follows:  79.7  per  cent  were  graded 
B8  excellent,  6.9  per  cent  as  good,  10.3  per  cent  as  medium,  and 
3.1  per  cent  as  poor.  Of  the  3,153  cans,  1,942  were  hand-milked, 
and  90.5  per  cent  of  these  were  graded  as  excellent,  4.4  per  cent  aa 
good,  4.5  per  cent  as  medium,  and  0.6  per  cent  as  poor.  The  total 
number  of  machine-milked   samples  tested   was    1,211,   of   which 


ODiy  62.2  per  cent  were  graded  as  excellent,  11.2  per  cent  as  good, 
19.4  per  cent  as  medium,  and  7.2  per  cent  as  poor.  These  percent- 
ages are  graphically  shown  in  Chart  II. 

The  chart  shows  very  clearly  that  the  milk  coming  from  Farm  A  was 
fM-  below  the  average  in  quality  for  milk  coming  from  all  the  farms 
legardlees  of  the  method  of  production,  and  that  it  was  also  consid- 
erably poorer  in  quality  than  the  average  machine-produced  milk. 
At  the  time  the  investigation  started  at  Farm  A,  everything  about 
the  dairy  farm  was  in  fairly  clean  condition.    The  bam  itselT  wns 
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This  water  also  had  to  do  double  duty,  and  by  the  time  it  had  finished 
its  task  of  washing  out  two  double  units,  and  a  couple  of  stripping 
pails  it  was  cold  and  greasy.  After  this  treatment,  the  cups  and 
tubes  were  again  put  into  the  solution,  and  the  pails  and  lids  were 
turned  upside  down  on  a  bench  in  the  bam  until  milking  time  the 
following  morning.  Examination  the  next  morning  showed  them 
still  to  be  wet  and  greasy.  Twice  a  week  the  machines  were  taken 
in  their  entirety  to  the  house  for  a  thoro  cleaning,  and  at  this  time 
they  were  taken  entirely  apart  and  washed. 

For  the  first  four  or  five  days  that  the  investigation  was  being 
carried  on  at  Farm  A,  no  definite  or  detailed  system  of  caring  for 
the  machines  was  carried  out.  As  noted  in  the  remarks  in  Table  I, 
one  procedure  was  tried  at  one  milking,  and  another  at  the  next. 
This  system,  or  rather  lack  of  system,  was  used  to  determine  whether 
any  particular  step  in  the  care  of  machines  and  utensils  was  the 
one  absolutely  necessary  step  upon  which  depended  the  production 
of  high  grade  milk.  As  shown  in  colmnn  four  of  the  table,  the 
quality  of  the  milk  as  delivered  at  the  milk  receiving  stations  varied 
greatly  imder  these  conditions.  It  was  not  until  the  detailed 
methods  recommended  by  the  Station  were  put  into  practice  on 
May  25  that  a  consistently  good  product  was  obtained. 

Duplicate  samples  were  taken  from  every  can  of  milk  after  each 
milking.  Preparations  for  microscopic  examination  were  made 
inmiediately  from  one  set  of  samples  and  the  other  set  was  put 
into  the  cooling  tank  to  stand  for  twelve  or  twenty-four  hours  as 
the  case  might  be.  By  this  method  we  were  able  to  determine  the 
grade  of  A.  M.  milk  as  it  was  received  at  the  milk  plants,  and  as 
it  was  after  standing  for  some  hours;  and  also  the  grade  of  the 
P.  M.  milk  after  milking,  and  then  again  sixteen  hours  later,  or  as 
it  was  when  delivered  to  the  receiving  plant. 

The  first  corrective  step  taken  was  the  removal  of  the  screw  cap 
at  the  end  of  the  claw  of  the  teat-cups  before  putting  the  cups  into 
the  solution  after  each  milking.  This  was  done  in  order  to  allow 
the  escape  of  air  from  the  milk  tubes  and  to  insure  free  passage  of  the 
solution  thru  the  tubes  in  order  that  the  sterilizing  function  of  the 
solution  could  be  fully  utilized. 

In  other  respects  the  procedures  for  caring  for  the  machines  and 
utensils  were  allowed  to  remain  the  same  as  usual.  Care  was  taken, 
however,  to  see  that  no  leaky  inflations  were  used,  that  plenty  of 
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ooM  water  was  used  in  rinsing  out  the  tubes  and  milker  pails  after 
each  milkingy  and  that  the  udders  of  the  cows  were  clean  before  the 
teat-cupe  were  attached.  Table  I  shows  that  the  milk  quality 
under  these  conditions  varied  considerably,  and  during  this  time 
seven  cans  graded  as  excellent,  five  as  good,  and  two  as  medium 
when  received  at  the  milk  plant  in  Geneva. 

Just  before  the  fifth  milking,  two  pails  full  of  very  hot  water 
were  drawn  thru  the  milker  tubes  into  the  machine  pails.  This 
procedure  thoroly  scalded  both  the  tubes  and  the  pails.  The  results 
were  gratifying  as  the  fom*  cans  of  milk  produced  under  these  con- 
ditions all  graded  as  excellent. 

No  more  hot  water  was  used  for  a  time,  but  eflforts  were  made  to 
keep  the  quality  "excellent"  by  the  use  of  a  combined  cooler  and 
aerator.  This  aerator  was  of  the  open,  tubular  type,  and,  with  its 
use,  the  milk  could  be  cooled  to  about  45®  F.  The  first  time  that 
the  cooler  was  med  the  results  were  satisfactory  as  the  first  can 
graded  as  good,  and  the  other  two  as  excellent.  The  next  time 
one  can  graded  as  mediiun,  one  as  good,  and  one  as  excellent.  The 
third  time  two  cans  graded  as  medium  and  two  as  good.  This 
gradual  lowering  in  the  quality  of  the  milk  was  probably  due  to  the 
fact  that  the  cooler  was  being  inefficiently  cleaned,  and  it  illustrates 
very  strikingly  a  common  source  of  milk  contamination. 

Evidently  cooling  alone  was  not  sufficient  to  produce  first-class 
results.  In  order  to  get  good  quality  milk,  it  is  evident  that  it 
must  first  be  handled  in  clean  utensils  so  that  it  does  not  contain  large 
numbers  of  bacteria.  CJooling  merely  stops  the  growth  of  bacteria 
and  does  not  reduce  their  numbers. 

For  the  next  two  milkings,  the  procedure  that  had  been  in  use 
before  our  work  started  was  again  used,  but  no  real  improvement 
was  shown,  as  three  cans  graded  medium  and  four  good. 

At  this  time  it  was  decided  to  follow  the  methods  that  have  been 
successfully  used  at  the  Station  in  exact  detail.  Immediately  after 
milking,  the  tubes  and  pails  were  washed  by  drawing  a  pail  of  cold 
water  thru  the  tubes  into  each  milker  pail.  This  was  followed  by 
a  pail  of  hot  soda  water  and  a  pail  of  clear  hot  water.  The  tubes 
and  cups  were  then  put  into  the  sterilizing  solution  with  the  caps 
removed  from  the  claws.  The  pails  and  pail  covers  (with  the  excep- 
tion of  the  pulsators  proper)  were  thoroly  scalded  and  dried.  This 
treatment  also  included  the  forty  quart  milk  cans  and  the  aerator. 
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A  glance  at  the  results  from  the  last  five  milkings  given  in  Tabid  I 
shows  that  they  were  all  that  could  be  desired.  Out  of  the  twenty 
cans  of  milk  produced  under  these  conditions,  the  entire  number 
graded  as  excellent. 

From  tests  made  during  the  course  of  the  work  it  is  evident  that 
the  chief  source  of  trouble  at  this  particular  time  was  probably  the 
metal  utensils.  The  milker  pails  were  clearly  in  bad  shape  for  a 
liter  of  sterile  water  used  for  rinsing  them  gave  agar  plate  counts 
of  1,500,000  and  240,000  per  cc.  The  strippings  pails  imder  the 
same  conditions  gave  counts  of  70,000  and  340,000  per  cc.  Pails 
containing  numbers  of  organisms  as  large  as  indicated  from  these 
counts  would  add  enough  bacteria  to  five  quarts  of  milk  to  cause 
it  to  be  rated  below  the  excellent  class  even  if  no  bacteria  were 
present  from  any  other  sources. 

Proof  that  scalding  and  drying  these  utensils  did  cause  the  disap- 
pearance of  excessive  numbers  of  bacteria  is  furnished  from  the  fact 
that  after  this  procedure  was  adopted  (May  25)  every  can  of  the 
twenty  examined  was  found  to  grade  in  the  excellent  class.  Of  the 
thirty-three  cans  examined  inmiediately  previous  to  this  date  only 
thirteen  had  graded  in  the  excellent  class. 

It  has  been  noted  in  the  examination  of  milk  from  the  dairies 
where  milking  machines  were  in  use  that  there  is  often  a  higher 
bacterial  count  in  the  milk  of  one  out  of  a  number  of  cans  containing 
milk  from  the  same  milking.  Frequent  repetition  of  this  fact  led 
to  the  thought  that  the  can  with  the  highest  count  was  probably 
the  first  can  filled  and  that  the  milk  in  this  can  had  been  contami- 
nated by  the  first  rinsings  from  the  tubes  and  pails  of  improperly 
cleaned  milking  machines. 

In  order  to  verify  this  theory  a  record  of  the  order  in  which  the 
cans  were  filled  was  kept  for  several  days  at  Farm  A.  The  milk 
in  these  cans  was  sampled  and  graded. 

Table  I  shows  that  in  eight  cases  where  this  was  done  (May  20 
to  May  24)  the  first  one  or  two  cans  filled  had  a  higher  bacterial 
count  than  did  the  rest  of  the  cans  of  the  same  milking. 

Altho  the  cases  observed  were  few  in  number,  yet  they  serve  to 
justify  the  theory  that  the  presence  of  a  higher  bacterial  count  in 
one  of  a  niunber  of  cans  containing  milk  from  the  same  milking  is 
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due  to  the  fact  that  it  contains  the  first  rinsiDgs  from  poorly  cleaned 
miUdng  machines  or  other  utensils. 

During  the  course  of  the  work  at  Farm  A  the  dairyman  asked  why 
it  was  that,  despite  the  fact  that  the  nulldng  machines  were  really 
receiving  less  care  previous  to  the  morning  milking  than  they  did 
for  the  afternoon  milking^  yet  the  morning  milk  as  received  at  the 
milk  plant  was  almost  invariably  in  the  better  condition.  It  was 
poiated  out  to  him  that  this  was  probably  due  to  the  fact  that  the 
night's  milk  was  not  sent  in  to  the  receiving  station  immediately, 
and  was  not  examined  and  graded  until  it  was  about  sixteen  hours 
old.  The  morning's  milk,  on  the  other  hand,  was  received  and 
graded  when  about  four  hours  old.  The  twelve  hours  difference  in 
the  age  made  a  great  difference  in  the  bacterial  content  as  the  milk 
was  not  held  at  a  temperature  low  enough  to  prevent  the  growth  of 
bacteria. 

To  illustrate  this  point,  samples  of  morning  milk  were  held  for 
sixteen  hours,  and  at  the  end  of  that  time  the  grades  were  deter- 
mined. 

Chart  III  shows  that  of  23  samples  of  morning's  milk  examined 
and  graded  when  four  hours  old,  or  as  delivered  at  the  receiving 
plant,  61  per  cent  were  excellent,  and  the  rest  good  or  medium. 
Sixteen  hours  later,  however,  duplicate  samples  of  the  same  milk 
graded  only  45  per  cent  excellent.  Of  19  samples  of  night's  milk 
examined  and  graded  when  four  hours  old,  79  per  cent  were  excellent, 
but  after  holding  duplicate  samples  for  sixteen  hours,  or  the  age 
at  which  the  milk  was  delivered  at  the  receiving  station, 
this  percentage  had  decreased  to  63.  Evidently,  when  compared 
with  ni^t  milk  of  the  same  age,  the  morning  milk  was  in  poorer 
condition. 

The  records  of  the  milk  inspection  work  for  this  farm  during  the 
remainmg  months  of  the  year  do  not  indicate  that  even  this  demon- 
stration caused  sufficient  care  to  be  used  in  cleaning  the  machines. 
During  the  seven  months  that  followed,  104  cans  of  milk  were 
examined.  Of  this  number  only  75  (72.2  per  cent)  graded 
as  excellent,  12  (11.5  per  cent)  as  good,  15  (14.4  per  cent) 
as  medium,  and  2  (1.9  per  cent)  as  poor.  In  November  a  visit 
was  made  to  the  farm,  and  at  this  time  it  was  evident  that  several 
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eesential  proceduree  in  the  care  of  the  tubes  were  being  n^lected;  tot 
example,  the  tubes  in  the  solution  were  again  found  to  be  largely  GQed 


I  lExcdlant. 

P/.V. -I  Good. 


with  air,  the  cape'on  the  ends  of  the  claws  were  not  being  removed, 
and  the  solution  itself  contained  very  little  chloride  of  lime. 
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On  the  average  this  record  was  an  improvement  on  the  record 
maintained  before  the  demonstration  of  proper  methods  was  made 
at  the  farm.  However,  when  plotted  by  the  individual  months  as 
shown  in  Chart  IV,  it  is  seen  to  be  characterized  by  a  great  irregu- 
larity evidently  not  correlated  with  temperature. 


CuAT  IT. —  QnAurr  o 


■  Fabx  a  DnatNO  Lattxs 


■nnas  the  poorest  quality  milk  was  delivered  in  July  and  Novem- 
ber, while  tbeee  bad  months  were  in  each  caae  followed  by  records 
which  were  excellent. 

Investigations  made  by  enquiry  at  the  farm  makes  it  probable 
that  the  bad  records  were  correlated  with  failm«  to  cany  out  the 
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cleaning  procedure  with  care;  and  that  the  good  records,  inunediately 
following  the  bad  ones,  were  braught  about  by  increased  attention 
given  after  notice  that  the  milk  was  being  received  in  poor  condition. 


Three  units  of  a  Sharpies  machine  bad  been  in  use  at  this  faim 
for  some  time  before  the  inveetigation  began.    Since  the  milk  had 
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m^ 

i 

' —  '  '    "I  Exodleiit. 
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>■     ■■  ■      3  Medium. 

t^K^^KH  Poor. 

started  coming  into  Geneva  in  November,  1918,  113  cans  had  been 
^camined  up  to  June  1,  1919.  Of  this  number,  45  (39.8  per  cent) 
graded  as  excellent,  18  (16  per  cent)  as  good,  37  (32.7  per  cent) 
as  medium,  and  13  (11.5  per  cent)  as  poor. 

As  shown  in  Chart  V  these  percentages  compare  very  poorly 
with  the  averages  showing  the  quality  of  the  entire  milk  supply 
during  the  same  time,  or  even  with  the  quality  of  the  averse  machine- 
produced  milk. 
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A  general  inspection  of  the  dairy  bam  and  equipment  at  the 
b^;inning  of  the  work  showed  that,  while  they  were  up  to  a  good 
standard  in  construction  (see  Fig.  13),  they  were  being  poorly  kept. 
Manure  had  been  allowed  to  acciunulate  on  the  cement  platform 
behind  the  stanchions,  and  this  made  it  difficult  to  keep  the  milker 
pails  and  other  utensils  clean. 

There  was  a  good  supply  of  running  cold  water  in  the  bam  and 
in  the  milk  room,  but  no  provision  was  made  for  hot  water,  except 
that  it  could  always  be  procured  at  the  house  which  was  not  very 
far  away. 

The  cooling  tank  was  a  large  concrete  vat  in  the  milk  room.  This 
was  filled  with  cold  water  at  each  milking  time,  and  the  cans  set 
in  it  up  to  their  necks.  This  was  later  fitted  with  a  drain  so  that 
a  stream  of  cold  water  was  constantly  supplied. 

The  cows  were  kept  fairly  clean,  but  little  attention  was  being 
paid  to  the  condition  of  the  udders  when  the  teat-cups  were  put  on, 
and  oftentimes  they  were  dirty. 

The  solution  used  for  the  teat-cups  and  tubes  was  in  a  25 
gallon  crock  and  was  mechanically  clean.  (See  Fig.  12.)  Altho  the 
weather  was  very  hot,  the  solution  contained  no  hypochlorite  and 
insufficient  salt,  so  that  it  was  not  effective  as  a  sterilizer. 

The  vacuum  pipe  Une  contained  a  few  drops  of  moisture  after 
each  milking,  and  a  milky  spray  drained  out  of  the  vacuum  tank 
trap  and  the  compressed  air  tank  when  the  stop  cocks  were  opened 
after  milking. 

The  machines  themselves  were  dirty.  Altho  the  dairyman  had 
supposedly  cleaned  them  the  day  before  the  investigation  started, 
a  casual  examination  showed  them  still  to  be  dirty.  When  questioned 
as  to  his  methods  for  cleaning,  it  was  found  that  he  practically  never 
removed  the  nipples  from  the  bottom  of  the  teat-cups  nor  even  took 
off  the  short  milk  tubes  from  the  cups.  The  cups  and  tubes  were  simply 
put  into  warm  water,  and  a  brush  was  run  thru  them  a  few  times, 
they  were  then  rinsed  in  hot  water,  and  the  cleaning  was  finished. 
This  procedure  was  insufficient,  and  a  coating  of  fat  and  dried  milk 
was  left  on  the  inflations  and  in  the  tubes.  The  check  valve  and 
milk  spigots  on  the  pail  lids  fared  no  better,  and  much  dried  milk 
was  found  on  the  strainers  in  the  check  valve,  on  the  valve  seats, 
and  on  the  valve  plugp. 
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Each  morning  after  milking,  the  machine  pails  (three  in  number) 
and  the  large  milk  cans  (generally  three  or  four)  were  rinsed  out  with 
about  a  kettle  full  of  hot  water,  and  turned  upside  down  to  dry. 
The  cans  were  put  on  a  rack  outside  the  milk  house,  and  the  pails 
in  the  milk  house  on  a  rack  built  over  the  cooling  vat.  After  the 
evening  milking  the  pails  and  tubes  were  simply  rinsed  out  by  sucking 
a  pail  of  cold  water  thru  them.  The  pails  were  then  put  on  the 
racks  to  dry,  and  the  tubes  were  put  into  the  sterilizing  solution. 
No  hot  water  was  used.  Also  the  caps  were  left  on  the  milk  claws 
when  the  cups  and  tubes  were  put  into  the  solution,  a  good  deal 
of  air  being  imprisoned  in  the  tubes,  with  the  result  that  the 
solution  was  not  able  to  act  upon  all  the  inside  smface  of  the 
tubes. 

For  two  millungs  after  our  work  b^an  at  Farm  B,  no  change 
whatever  was  made  in  the  methods  used.  Of  the  six  cans  produced 
during  these  two  milkings,  three  were  excellent,  one  was  medium, 
and  two  were  poor.  The  three  excellent  cans  were  the  A.  M.  cans 
which  were  graded  very  soon  after  being  filled.  When  this  same 
milk  was  examined  sixteen  hoiu^  after  being  drawn,  during  which 
time  it  had  been  standing  in  the  cooling  vat,  one  can  graded  as  poor, 
one  as  medium,  and  one  as  good.  This  indicated  a  high  initial  count 
which  came,  in  all  probability,  from  the  machines  and  utensils,  as 
all  the  udders  seemed  to  be  in  good  condition,  and  very  few  garget 
organisms  appeared  in  the  milk  smears  examined. 

Before  the  next  milking,  all  metal  and  rubber  parts  of 
the  machines  were  thoroly  cleaned  with  hot  alkali  water  and  rinsed 
with  clear  hot  water.  The  machine  pails,  strippings  pails,  and  large 
milk  cans  were  scalded  and  dried.  The  rubber  inflations  in  the  teat- 
cups  were  in  bad  condition,  and  three  of  them  had  to  be  replaced 
with  new  ones.  A  strong  h3rpochlorite  solution  was  made  up  by 
mixing  a  can  of  chloride  of  lime  with  a  gallon  of  water,  and 
pouring  off  the  clear  greenish  liquid.  The  rubber  parts  were  all 
soaked  in  this  for  about  an  hour  before  assembling  them  again.  A 
pint  of  the  stock  solution  of  hypochlorite  was  also  added  to  the 
brine  solution  in  the  crock. 

After  the  evcfning  milking,  the  tubes  and  pails  were  washed  out 
by  drawing  thru  them:  First,  a  pail  of  cold  water;  second,  a  pail 
of  hot  soda  water;  and  third,  a  pail  of  clear  hot  water.  The  cups 
and  tubes  were  then  put  into  the  brine  solution.    The  screw  caps 
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QD  the  milk  claws  were  removed  and  kept  in  a  box  beside  the  solution 
jar.  The  milk  and  pail  lids  were  turned  upside  down  on  the  rack 
out  in  the  open  air  to  dry. 

At  every  milking  care  was  taken  to  be  sure  that  the  udders  of 
the  cows  were  clean  before  the  cups  were  attached,  and  efforts  were 
made  to  prevent  any  dirt  from  getting  into  the  milk  pails  and  cans. 

Table  II. —  Qualttt  of  Indiyidual  Cans  of  Milk  fbom  Fabm  B  Dusnra  ths 

Eablt  Pabt  of  Junv,  1919. 


Age  of 

milk 

T«it 
No. 

Time 

Qrmde  of  * 

when 

D»ie. 

of 

mUk  after 

Grade  of 

Benarka* 

milk- 

four hours. 

inedthe 

milk. 

ing. 

■eoond 

tame.t 

1019 

1... 

June  2 

P.M. 

lehrs. 

P-P-Mt* 

of  milk  as  shipped— S«?. 
As  aboTe.   Milk  not  cooled  before 

2... 

June  3 

A.M. 

E-B-Et* 

lehre. 

P-M-Q 

shipping. 

3... 

June  3 

P.M. 

E-E-E 

16hrB. 

M-E-E* 

Machines  thoroty  deaned.    Pails 
scalded  and  dried.    Cooled  in 

vat  to  62^  F. 

4 

Jane  4 

P.M. 

lehrs. 

E-Er-E* 

Machines  cleaned  as  at  Station. 

Cooled  as  in  No.  3. 

5... 

June  5 

A.  M. 

£>-E-E« 

38hr8. 

M-M-M 

As   above.    Not   cooled   before 
shipping. 

8... 

June  5 

P.M. 

16hrs. 

O-ChE* 

As  above.    Aerator  used  for  first 
time.    Cooled  to  Ci*"  F. 

7... 

June  6 

A.  M. 

K— 'H%-lv— Kj^ 

28hrs. 

O-G-M-M 

As  above. 

8... 

Juned 

P.M. 

lehrs. 

E-B-E* 

As  above.    Well  water  used  in 

aerator.    Cooled  to  60»  F. 

9... 

June? 

A.M. 

E-E* 

As  above. 

10... 

June? 

P.M. 

lehrs. 

E-E-E* 

As  above. 

t  Baeh  letter  indicates  the  quality  of  the  milk  in  a  suogle  iOniuart  can.  E — ezoellMit,  Q — good, 
M— mectium.  P — -poor.    See  footnote  on  page  124. 

*  flamples  for  the  tests  indicated  by  an  asterisk  were  tak«i  from  the  cans  as  the  milk  left  the 
him  for  the  pasteurising  plant. 

t  CooHiv  at  this  farm  was  accomplished  by  running  epring  water  which  was  never  colder  than 
flO*  F.  durmg  this  period.  MiUc  held  on  the  farm  longer  thiui  four  hours  was  kept  in  the  cooling 
vat,  and  osnaUy  had  a  temperature  of  from  82  to  65^  F. 

Note. —  Total  number  or  cans  examined — 30.  The  grades  when  they  were  sent  to  the  city 
vers  ss  foUows:  24 — excdlent.  2 — good,  2 — medium,  2 — poor.  Twen^-one  cans  were  produced 
after  Station  methods  of  cleaning  were  used.     Nineteen  of  the  latter  graded  excellent  and  two  good. 

The  results  under  these  conditions  were  excellent  until  the  third 
milking,  at  which  time  one  can  graded  as  excellent,  and  two  as  good. 

The  usual  precautions  had  been  taken  previous  to  this  milking, 
and  an  aerator  had  been  added  to  the  equipment  already  in  use. 
It  was  found,  however,  that  the  milk  was  being  cooled  to  only  64^  F., 
so  that,  after  standing  for  about  sixteen  hours  (as  the  night  milk 
did  before  being  delivered  to  the  receiving  plant),  whatever  organ- 
isms were  present  had  ample  opportunity  to  multiply  rapidly.  For 
the  bacterial  count  to  remain  low  for  so  long  a  time  at  tl]Js  tempera- 
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ture,  all  utensils  would  need  to  be  in  very  excellent  condition,  and 
great  care  would  need  to  be  taken  continually  during  milking. 

It  was  a  significant  fact  that  the  samples  graded  as  good  showed  a 
high  coimt  of  lactic  acid  organisms,  and  very  few  of  the  type 
commonly  regarded  as  "  utensil "  organisms. 

By  the  next  milking,  the  cooling  conditions  were  changed  so  that 
the  milk  was  cooled  below  60°  F.,  and  from  then  on  until  the  end 
of  the  work  no  further  trouble  was  experienced,  and  all  cans  graded 
as  excellent. 

In  order  to  determine  the  germ  content  of  the  three  milker  pails 
under  the  methods  of  washing  that  had  prevailed  on  the  farm  before 
the  system  of  scalding  and  dr3ring  the  utensils  had  been  introduced, 
the  pails  were  rinsed  out  with  a  liter  of  sterile  water  on  June  3. 
This  water  when  plated  out  and  incubated  gave  counts  of  20,000 
to  53,000  per  cc.  If  five  quarts  of  milk  were  drawn  into  pail  num- 
ber two,  which  contained  the  greatest  number  of  organisms,  it 
would  result  in  an  initial  contamination  of  about  10,000  organisms 
per  cc.  of  milk.  This  does  not  indicate  satisfactory  conditions 
tho  the  result  is  much  better  than  that  secured  at  Farm  A  where 
the  rinse  water  gave  counts  up  to  1,500,000  per  cc. 

It  was  very  disappointing  to  us  to  fiind  at  the  conclusion  of  our 
work  at  Farm  B  that  the  milk  from  this  farm  was  to  be  sent  to  a 
nearby  creamery  in  order  that  the  skim  milk  might  be  available  for 
stock  feeding.  As  a  consequence,  inspection  of  the  quality  of  this 
mQk  was  discontinued  until  the  following  November,  when  the  milk 
was  again  sent  to  Geneva. 

The  record  for  November  was  not  satisfactory  as  only  six  (60 
per  cent)  of  the  samples  of  milk  examined  were  graded  as  excellent, 
while  three  were  graded  as  good,  and  three  as  medium.  December's 
record,  however,  was  good,  as  all  samples  examined,  fourteen  in 
number,  were  graded  as  excellent. 

PARM  c 

As  a  contrast  to  the  farms  under  discussion,  let  us  briefly  review 
the  history  of  Farm  C.  The  dairy  bam  on  this  farm  is  not  a  strictly 
modern  building,  but  it  is  kept  reasonably  clean,  and  there  is  a 
plentiful  supply  of  light  and  air.  (See  Fig.  14.)  Due  to  the  fact 
that  the  cows  must  frequently  come  thru  a  muddy  yard  to  get  into 
the  bam,  their  udders  are  sometimes  dirty  so  that  Fanner  C  washes 
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them  carefully  with  warm  water.  A  double  unit  Empire  machine 
has  been  used  on  this  farm  since  May,  1917,  and  the  quaUty  of  the 
milk  produced  has  been  good  up  to  the  present  time.  From  May, 
1917,  until  January  1,  1920,  274  cans  of  milk  from  this  farm  have 
been  examined,  and  of  this  nimiber  266  (97.1  per  cent)  have  been 
graded  as  excellent  or  good,  7  (2.5  per  cent)  as  medium,  and 
1  (0.4  per  cent)  as  poor.  The  record  at  this  farm  since  the  machines 
have  been  in  use  compares  very  favorably  with  the  record  of  the 
same  farm  when  the  cows  were  milked  by  hand.  In  Bulletin  No.  450 
of  this  Station,  the  statement  is  made  that  ''On  six  farms  where 
direct  comparisons  between  hand-drawn  and  machine-drawn  milk 
were  possible,  only  two  of  them  produced  milk  by  machine  with  as 
few  germs  as  were  contained  in  the  milk  produced  by  them  by  hand." 
Dairyman  C  is  one  of  the  latter. 

In  general,  the  cleaning  methods  recommended  by  the  Station 
have  been  in  use  on  this  farm  with  the  exception  that,  after  each 
milking,  the  tubes  and  cups  are  washed  out  only  by  sucking  cold 
water  thru  them.  At  Farm  C,  however,  they  are  very  careful  to 
scald  all  utensils  out  thoroly  after  every  milking.  Everything  that 
in  any  way  comes  in  contact  with  the  milk  is  kept  scrupulously 
clean.  Until  very  recently,  the  cups  and  tubes  have  been  kept  in 
a  strong  chloride  of  lime  solution,  except  in  the  winter  when  brine 
was  added  to  keep  the  solution  from  freezing.  (See  Fig.  15.)  Great 
care  has  alwa3rs  been  taken,  however,  to  keep  the  chloride  of  lime 
up  to  strength,  and  in  June,  1918,  at  one  test  the  solution  showed 
888  parts  per  million  of  available  chloride.  This  indicates  a  very 
active  sterilizing  solution. 

During  this  last  summer  trouble  was  encountered  in  maintaining 
the  excellent  record  made  up  to  that  time.  In  April  the  records 
showed  eight  cans  excellent,  one  can  good,  and  three  cans  medium; 
in  May,  four  were  excellent,  two  good,  and  two  mediiun;  and  the 
first  test  in  June  showed  two  excellent  and  two  medium  cans.  An 
examination  of  the  microscopic  preparations  showed  that  a  yeast 
was  commonly  present,  a  condition  which  is  in  itself  somewhat 
unusual.  Following  the  examination  of  the  milk  on  June  4  the 
dairyman  was  instructed  to  add  brine  to  his  chloride  of  lime  solution 
and,  tho  it  may  be  a  coincidence,  it  is  a  fact  that  since  that  time 
every  can  examined  has  graded  as  excellent  or  good  (32  excellent 
and  2  good). 
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The  important  points  to  note  in  regard  to  this  record  are  the 
following:  In  the  first  place  all  of  the  utensils  with  which  the  milk 
comes  in  contact  are  being  kept  very  clean.  This  important  rule 
is  being  faithfully  observed.  As  a  general  rule,  the  producer  and 
his  wife  attend  to  the  care  of  the  dairy  themselves,  so  that  this  work 
is  not  left  to  hired  help,  which  is  often  either  incompetent  or  indiflfer- 
ent.  In  the  second  place,  the  solution  in  which  the  cups  and  tubes 
are  kept  is  always  sweet  and  clean.  In  this  connection  it  might  be 
well  to  point  out  that  it  does  not  matter  so  much  where  the  solution 
is  kept  as  how  it  is  kept.  In  this  particular  case  the  solution  crock 
is  kept  in  the  bam  with  the  cows.  (See  Fig.  14.)  In  the  third  place 
the  cows  are  always  kept  clean.  Fourthly,  the  milker  himself  is 
clean.  Finally,  the  bam  is  kept  in  good  condition.  This  combi" 
nation  of  affairs  has  resulted  in  the  establishment  of  an  excellent 
record,  and  is  proof  that,  with  proper  care  and  attention,  good  mittc 
can  be  produced  with  a  milking  machine  under  pradLioal  farm 
conditions, 

CONCLUSIONS 

An  examination  of  the  methods  applied  at  Farms  A,  B,  and  C, 
together  with  the  results  secured,  show  that,  while  machines  are 
quite  complicated,  yet  clean  milk  can  be  secured  with  them  if 
proper  precautions  are  taken.^  It  also  shows  that  these  precautions 
are  such  that  they  come  within  the  limits  of  the  ability  of  every 
dairyman.  The  all-important  principle  which  must  be  kept  in 
mind  is  strict  attention  to  detail.  No  matter  if  two  essential  rules 
are  always  carried  out  to  the  letter,  if  a  third  is  occasionally 
neglected  the  results  are  sure  to  be  irregular.  If  every  detail  is 
carried  out  every  time,  however,  the  results  will  always  be 
satisfactory. 
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THE  ACCURACY  OF  BACTERIAL  COUNTS  FROM 

MILK  SAMPLES* 

R.  S.  BREED  AND  W.  A.  STOCKING,  JB.t 

SUMMARY 

X.  Three  series  of  bacterial  counts  from  samples  of  fresh,  unpas- 
teurized mOk  have  been  completed.  Six  or  seven  analysts  partici- 
pated in  eachy  working  in  two  groups  in  laboratories  located  wilfain 
fifty  miles  of  each  other. 

2.  In  all  cases,  counts  were  made  both  by  the  agar  plate  method 
and  by  direct  microscopic  examination,  thus  permitting  a  check  upon 
the  accuracy  of  the  counts  not  possible  where  only  (me  method  of 
counting  is  used. 

3.  In  two  series  (B  and  C),  the  samples  analysed  were  carefully 
prepared  so  as  to  present  the  most  favorable  conditions  possible  for 
accurate  counting  and  to  allow  checks  to  be  made  upon  the  accuracy 
of  the  results.  This  was  accomplished  by  inoculating  tiiree  lots  (rf 
freshly  drawn  milk,  known  to  contain  very  few  bacteria,  with  a  skim 
milk  culture  of  the  colon  organism.  The  amount  of  inoculum  used 
was  such  that  the  final  counts  were  expected  to  show  tiie  ratio  x  u  ^.• 
The  colon  organism  was  chosen  because  it  grows  well  under  normal 
conditions,  and  exists  in  milk  largely  as  isolated  individuals. 

4.  Under  the  above  conditions,  the  results  met  all  of  the  checks 
upon  their  accuracy  so  peif ectiy  that  there  can  be  littie  doubt  but 
that  they  actually  were  fairly  accurate  counts  of  the  number  of 
individual  bacteria  present. 

5.  The  restilts  obtained  in  the  final  series  (C)  were  so  uniform 
that  the  coefficient  of  variability  was  reduced  to  less  than  15  in 
all  cases.  Under  the  conditions  present,  the  variability  of  the 
microscopic  counts  was  slightiy  greater  than  that  of  the  agar  plate 
counts. 

6.  In  the  counts  made  from  samples  containing  a  miscellaneous 
flora  (Series  A),  wide  variations  were  found  between  the  plate  and 
microscopic  counts.  The  primary  cause  of  these  variations  appeared 
to  be  the  existence  ct  clumps  of  bacteria  which  were  not  separated 

*  Reprint  of  Technical  Biilletin  No.  75,  January,  1920. 

t  Analyses  made  by  R.  S.  Breed,  J.  D.  Brew,  H.  J.  Conn,  W.  D.  Dotterrer,  and 
O.  L.  A.  Ruehle  from  Qoieva,  and  A.  M.  Beeemer,  H.  M.  Pibkerell,  T.  J.  Mclnerney, 
and  G.  C.  Supplee  from  Ithaca. 
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into  their  component  individuals  in  preparing  the  agar  plates.  The 
uniformity  of  the  agar  plate  comits  was  generally  good  indicating 
tiiat  the  technique  used  was  satisfactory.  The  greater  lade  of 
tmif  onnity  in  the  microscopic  counts  was  in  part  due  to  the  ine]qieri- 
ence  of  some  of  the  analysts,  several  of  whom  had  never  before 
Memfited  to  make  accurate  counts  by  microscopical  methods. 

7.  The  average  number  of  individuals  in  the  clumps  of  bacteria 
present  commonly  varied  between  two  and  six;  but  at  times  (when 
streptococci  were  present)  greatly  exceeded  these  numbers.  As  the 
data  indicate  that  the  clumps  are  only  very  poorly  broken  apart  in 
the  processes  ordinarily  used  in  preparing  dilution  waters,  the  plate 
counts  did  not  represent  the  full  number  of  bacteria  present. 

8.  The  chief  limitations  upon  the  accuracy  of  the  microscopic 
counts  appear  to  be  those  involving  the  skill  of  tiie  analyst  making  tiie 
microscopic  observations,  and  the  patience  necessary  in  order  to 
examine  a  sufficiently  large  quantity  of  milk  to  give  an  accurate 
average.  Given  unlimited  time,  and  numerous  duplicate  prepara- 
tions from  a  sample  of  milk,  a  skilled  microscopist  can  secure 
reasonably  accurate  counts  of  the  number  of  individual  bacteria 
present  in  any  ordinary  sample  of  milk.  Yet  the  laboriousness  ci 
fliis  proceeding  limits  its  usefulness,  and  makes  it  impossible  to 
actually  count  flie  bacteria  in  examining  large  numbers  of  samples. 

9.  Fortunately  neither  the  inaccuracy  of  the  plate  counts  caused 
by  the  clumping,  nor  the  limitations  of  the  microscopic  technique 
just  noted,  appear  to  be  so  great  as  to  prevent  the  use  of  either 
technique  where  the  purpose  is  to  grade  miscellaneous  samples  of 
unpasteurized  milk  into  two  or  three  grades.  However,  the 
taformation  at  present  available  indicates  that  attempts  to  use 
simplified  methods  for  analysis  for  the  purpose  of  making  finer 
distinctions  in  quality  introduces  gross  errors.  When  a  finer  classifi- 
cation is  desired  (as  is  now  the  case  in  many  grade  A  plants)  the 
use  of  tiie  so-called  simplified  routine  control  methods  should  not 
be  regarded  as  satisfactory.  The  present  situation  suggests  the 
desirability  of  the  State  exercising  control  over  bacteriological 
methods  for  analysis,  whenever  the  results  are  to  be  used  as  a  basis 
for  payment,  in  order  to  insure  the  use  of  more  accurate  methods 
of  analysis  just  as  it  now  does  in  the  case  of  the  Babcock  test  for 
determining  the  percentage  of  butter  fat. 

INTRODUCTION 

At  the  present  time  all  of  the  market  milk  sold  in  New  York  State 
is  graded  on  a  system  based  upon  the  number  of  bacteria  present  in 
the  milk.  Likewise,  an  increasing  amount  of  milk  is  being  bought 
frcHn  dairy  fanners  on  the  same  basis.    This  makes  it  important  to 
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all  concerned  that  the  methods  of  analysis  used  in  the  grading  should 
be  sufficiently  accurate  to  justify  the  use  made  of  them. 

Because  of  questions  that  have  been  raised  in  regard  to  the  matter, 
a  series  of  cooperative  anal3rses  of  milk  samples  have  been  made,  the 
results  of  which  are  discussed  in  the  present  bulletin. 

PREVIOUS  STUDIES 

Because  of  the  importance  of  the  matter,  numerous  series  of  com- 
parative analyses  have  previously  been  made  in  many  of  the  public 
and  private  bacteriological  laboratories  in  the  State;  but  the  primary 
purpose  of  the  majority  of  these  tests  has  been  merely  to  determine 
whether  different  analysts,  working  in  the  same  or  in  different 
laboratories,  could  seciue  duplicate  agar  plate  counts  which  were  in 
close  agreement. 

The  results  secured  have  been  such  as  to  cause  the  majority  of 
bacteriologists  to  feel  that  reasonable  agreement  could  be  obtained 
where  the  counts  were  made  by  a  standard,  uniform  technique  by 
trained  analysts.  Yet  it  has  become  increasingly  evident  that  care- 
lessness or  slight  modifications  of  essential  procedures  may  produce 
widely  divergent  counts.  The  most  extensive  of  the  recent  series 
of  analyses  is  that  made  imder  the  supervision  of  the  late  Prof. 
H.  W.  Conn.^  Other  recent  series  are  those  discussed  by  Hatficdd 
and  by  Kilboiune.* 

It  diould  not  be  forgotten,  however,  that  the  securing  of  closely 
comparable  counts  of  bacteria  from  duplicate  samples  by  different 
analysts  where  but  a  single  method  of  analysis  is  used  does  not  prove 
that  the  counts  obtained  are  an  accurate  or  even  a  reasonably  accurate 
count  of  the  actual  number  of  bacteria  present.  It  is  easily  possible 
that  such  counts  are  affected  by  a  constant  source  of  error  which 
affects  all  duplicate  counts  proportionately.  Or  it  may  even  be  pos- 
sible that  variable  errors  completely  destroy  the  accuracy  of  the 
counts,  even  tho  there  is  no  indication  of  their  presence  in  the  final 
counts. 

For  example,  in  the  case  of  agar  plate. counts  from  milk,  constant 
errors  in  count  would  be  produced  if  all  bacteria  in  milk  existed  in 
clumps  of  a  constant  average  size.  Such  a  condition  would  not  be 
indicated  in  the  counts  as  all  would  be  reduced  proportionately. 
Thus,  if  the  average  clump  contained  two  individuals,  all  counts 
would  be  reduced  to  one  half  of  the  number  of  bacteria  actually 
present.    It  may  justly  be  argued  that  such  an  error  would  have  no 

^  Conn,  H.  W.  Standards  for  determining  the  purity  of  milk.  U.  S.  Pub.  Health 
Service.,  Pub.  Health  RpU,,  30,  234^2395.     1915. 

*  Hatfield,  Hazel  M.  A  comparative  study  of  milk  plates  by  four  New  York 
laboratories  —  A  preliminary  report.     Amer,  Jour,   Pub,  Healthy  S»  913-915.     1918. 

Kilboume,  Chas.  H.  Varying  bacteriological  results  obtained  by  different 
laboratories.    Creamery  and  Mtik  Plant  Monthly,  7,  Nob.  10  and  11.    1918. 
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practical  agnilScance  because  its  presence  would  be  ak-eady  dis- 
counted in  the  standards  established  for  each  grade  of  milk. 

The  great  uncertainty  in  the  present  situation  does  not  arise 
because  it  is  thou^t  that  errors  of  this  type  exist;  but  because 
microscopic  examination  has  shown  that  Uie  average  size  of  the 
clumps  of  bacteria  in  milk  is  not  constant.  In  such  a  situation,  the 
results  arc,  undoubtedly,  hable  to  inconstant  errors  of  such  a  type 
that  they  pass  undetected  in  comparative  series  of  analyses  made  by 
the  agar  plate  method.  Thus,  while  all  of  the  counts  made  from 
one  lot  of  milk  may  be  reduced  to  one  half  their  true  size  by  the 
presence  of  clumps  containing  an  average  of  two  individuals,  another 
set  of  duplicate  coimts  may  be  reduced  to  one  third  of  their  true 
size,  another  to  one  sixth,  another  to  one  twenty-fifth,  etc. 

It  is  this  condition  of  affairs  that  has  made  the  development  of  a 
second,  fundamentally  different,  method  of  counting  bacteria  in  milk 
doubly  important.  Microscopic  methods  of  counting  have  now  been 
so  perfected  ^  that  it  is  possible  not  only  to  secure  data  regarding  the 
actual  size  of  the  clumps  of  bacteria  in  milk,  but  also  to  make  com- 
parative analyses  of  a  series  of  milk  samples  both  by  the  usual  agar 
plate  )nethod  and  by  direct  microscopic  examination.  This  permits 
us  to  study  the  accuracy  of  the  counts  in  a  manner  not  heretofore 
possible. 

Already  extended  series  of  comparative  analyses  have  been  made 
and  pub&hed  (see  Bulletins  373  and  439).  The  analyses  mentioned 
have,  however,  been  largely  the  work  of  a  single  analyst,  and  are  subject 
to  the  "constant"  and  ''personal"  errors  which  are  always  possible 
where  analyses  are  made  by  a  single  person.  Some  preliminary 
comparative  counts  by  several  analysts  from  different  laboratories 
were  made  in  the  series  of  counts  discussed  by  Conn;  but  these 
were  preliminary  in  nature,  and,  because  of  the  difficulties  involved 
in  continuing  the  work  where  the  laboratories  were  so  widely  sepa- 
rated, the  work  was  discontinued. 

For  these  reasons,  the  authors  of  the  present  paper  in  1915  drew 
up  a  plan  of  investigation  imder  which  a  series  of  samples  of  milk 
were  to  be  analysed  in  each  of  two  laboratories  maintained  by  the 
State,  which  were  fortunately  situated  within  50  miles  of  each  other. 
One  of  these  was  the  laboratory  maintained  by  the  New  York 
Agricultural  Experiment  Station  at  Geneva  and  the  other  that 
maintained  by  the  Department  of  Dairy  Industry  of  the  State 
College  of  Agriculture  at  Ithaca.    The  associates  and  assistants  in 


^  Breed  R.  S.  and  Brew,  J.  D.  Counting  bacteria^  by  means  of  the  miGroeoope* 
N.  Y.  Aff.  Exp.  Sta.,  Tech.  Bui.  49.    1016. 

Brew,  J.  D.  A  compariaon  of  the  microscopical  method  and  the  plate  method  of 
counting  bacteria  in  milk.    N.  Y.  Agr.  Exp.  Sta.,  Bull.  373.    1014.    (Out  of  print.) 

Brew,  J.  D.  and  Dotterrer,  W.  D.  The  number  of  bacteria  in  milk.  N.  Y.  Agr. 
Exp.  Sta.,  BuL  439.    1917. 
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these  laboratories,  named  on  the  third  page  of  this  bulletin,  entered 
into  their  part  of  the  work  with  whole-hearted  interest,  and  later 
brought  the  analytical  work  to  a  successful  conclusion.  A  prelimi- 
nary account  of  the  results  obtained  has  already  been  published.^ 
Interruptions  due  largely  to  the  world  war  have,  however,  prevented 
the  earlier  presentation  of  the  final  results  and  conclusions. 

DESCRIPTION  OF  THE  METHODS  OF  ANALYSIS  USED 

In  considering  the  results  secured,  it  should  be  kept  in  mind  that 
the  counting  of  bacteria  in  milk  is  an  arithmetical  problem  which 
would  be  no  more  difficult  than  counting  the  number  of  beans  in  a 
bag,  the  number  of  trees  in  a  wood,  or  the  number  of  seeds  in  a 
bushel  of  mustard  seed,  if  the  bacteria  could  be  seen  and  handled  as 
readily  as  these  objects.  However,  bacteria  are  such  tiny  things 
that  they  can  be  seen  only  with  high  magnification,  and  they  may 
occur  in  such  incredible  numbero  that  comparisons  with  beans,  trees 
or  even  mustard  seeds  give  an  inadequate  idea  of  the  difficulties 
involved. 

Every  one  realizes  the  physical  impossibility,  or  better,  the  imprac- 
ticabiUty  of  counting  the  trees  on  100,000  acres  of  woodland.  It  is 
not  only  impracticable  but  physically  impossible  actually  to  count 
the  bacteria  in  a  quart  of  milk  or  even  in  a  cubic  centimeter  of  milk. 
In  counting  bacteria,  as  in  counting  trees,  recourse  must  be  had  to 
the  making  of  estimates  of  numbers,  not  actual  counts.  So-called 
bacterial  'xounts"  are  not  coimts  in  the  strict  sense  of  the  word, 
and,  like  other  estimates,  their  accuracy  is  largely  dependent  upon 
the  care  with  which  they  are  made.  In  order  that  the  attention  of 
the  reader  may  be  called  to  the  fact,  the  word  "count"  has  been 
placed  in  quotation  marks  thruout  the  body  of  the  paper  wherever 
it  is  used  in  the  sense  of  an  estimate. 

Microscopic  methods  of  counting  bacteria, — ^The  simplest  method  of 
counting  objects  is  by  direct  observation.  In  the  case  of  bacteria, 
this  is  obviously  impossible  because  they  are  too  small  to  be  seen 
with  the  unaided  eye.  However,  from  the  time  when  Leeuwenhoek 
(1683)  first  saw  bacteria  under  his  simple  microscopes,  microscopists 
have  made  more  or  less  accurate  estimates  of  the  nmnber  of  bacteria 
injvarious  substances  by  direct  observation  under  the  microscope. 

It  is  impossible  to  state  who  first  made  estimates  of  numbers  of 
bacteria  in  milk  by  microscopic  examination,  but  it  is  certain  that 
no  extensive  use  has  been  made  of  such  methods  until  recently.  (A 
detailed  discussion  of  the  historical  development  of  these  methods 
will  be  found  in  Technical  Bulletin  No.  49.) 

Certain  things  prevent  making  the  microscopic  counts  with 
absolute  accuracy.    These  may  be  briefly  summed  up  as  follows: 

'  Breed,  R.  S.  and  Stocking,  W.  A.  A  preliminary  report  on  a  aerieB  of  oooperativ« 
bacterial  analyses  of  milk.    Jour.  Dairy  ScL,  1,  19-36.    1917. 
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a.  There  are  certain  optical  limitations  which  make  it  difficult  to 
prepare  definite  measured  quantities  of  milk  in  such  a  way  as  to  make 
all  of  the  bacteria  show  with  sufficient  distinctness  to  permit  counting 
under  a  microscope. 

b.  It  is  impossible  to  measure  with  absolute  accuracy  the  exceed- 
ingly minute  quantities  of  milk  (1/500,000  to  1/300,000  cc.)  which 
are  the  largest  amounts  that  can  be  examined  satisfactorily  at  any 
one  time. 

c.  It  is  impossible  to  tell  with  certainty  whether  the  bacteria  seen 
under  the  microscope  were  actually  livii^  when  the  preparation  was 
made. 

d.  Care  must  also  be  taken  to  prevent  the  growth  and  consequent 
increase  in  number  of  bacteria  during  the  time  consumed  in  preparing 
the  material  for  microscopic  examination,  and  to  prevent  the  intro- 
duction of  bacteria  from  extraneous  sources. 

Some  of  these  difficulties  can  be  partially,  or  even  almost  com- 
pletely, overcome,  but  as  a  whole  they  can  never  be  entirely  elimi- 
nated by  the  most  skillful  analyst. 

Agar  plate  methods  of  counting  bacteria. — The  second  method  of 
counting  bacteria  imder  consideration  is  fundamentally  different  from 
the  first  in  that  it  involves  inoculating  some  transparent  nutrient 
jelly  with  measured  quantities  of  milk  containing  bacteria.  The 
nutrient  jelly  containing  the  bacteria  is  then  incubated  until  the 
original  bacteria  have  grown  into  masses  of  bacteria  which  are 
counted  with  a  low  power  magnifying  lens.  These  masses  are  usually 
termed  '^colonies"  and  it  is  these  wluch  are  actually  coimted. 

Such  a  method  of  counting  may  be  compared  to  a  method  of 
counting  seeds  in  which  a  measured  quantity  of  seeds  are  germinated 
on  a  carefiQly  prepared  area  of  ground  and  the  coimts  made  from 
the   plants   which   develop. 

Historically,  this  method  of  counting  bacteria  is  a  direct  outgrowth 
of  the  use  of  gelatin  as  a  means  of  isolating  pure  cultures  of  IxBtcteria 
first  introduced  by  Koch  *  in  1881.  In  the  milk  work  which  has 
been  so  extensively  developed  in  the  United  States,  agar  has  sup- 
planted gelatin  as  a  culture  mediiun,  and  the  method  of  making 
coimts  h^  been  standardized  largely  thru  the  efforts  of  members  of 
the  laboratory  section  of  the  American  Public  Health  Association.^ 
The  first  report  issued  by  this  association  was  published  in  1910,  and 
the  second  in  1916. 

A  modification  of  this  technique,  called  the  "  little  plate  "  method, 
has  recently  been  developed  and  advocated  for  use  by  Rrost.' 

^Kock,  Robert.  Zur  Untersuchung  von  pathogenen  Organiamen.  MiUkeUl. 
KaUerl    OesurMeitsanUe,  I,  1>48.     1881. 

•  Amer.  Jour,  Pub.  Hyg.,  20  (N.  S.  6),  315-345.     1910. 
Amer,  Jour.  Pub,  Health,  6, 1315-1325.     1916. 

*  Froet,  W.  D.  Rapid  method  of  counting  bacteria  in  milk.  ScL,  42^  255-256. 
1915. 
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It  differs  from  the  technique  ordinarily  used  in  control  laboratorieB 
in  that  the  colonies  which  develop  in  aear  are  examined  and  counted 
under  a  compound  microscope  before  they  are  visible  to  the  unaided 
eye.  Thus  the  time  ordinarily  consumed  in  waiting  for  the  develop- 
ment of  colonies  is  greatly  shortened.  In  general,  this  technique  has 
the  same  advantages  as  that  possessed  by  the  usual  agar  plate 
method,  and  is  subject  to  tiie  same  general  type  of  limitations. 

These  limitations  upon  the  culture  methods  of  counting  bacteria 
are,  as  in  the  case  of  tihe  limitations  upon  the  microscopic  technique, 
such  that  it  is  impossible  to  secure  absolutely  accurate  counts.  The 
chief  difficulties  may  be  summed  up  as  follows  and  may  be  better 
understood  ii  the  comparison  with  the  planting  of  seeds  on  prepared 
soil  is  kept  in  mind: 

a.  Only  those  bacteria  grow  which  survive  the  necessary  manipular 
tions  and  are  capable  of  growth  into  visible  colonies  under  the 
conditions  of  aeration,  food,  moisture,  temperature,  etc.,  which  are 
present.  It  is  never  certain  that  all  of  the  bacteria  originally  livii^ 
in  the  milk  have  grown  and  formed  countable  colonies  on  the  plates. 

b.  Overcrowding  of  the  colonies  on  the  agar  may  prevent  the 
development  of  some  bacteria,  or  single  bacterial  colonies  may  grow 
so  rapidly  that  all  other  colonies  are  repressed.  The  latter,  so  called 
"spr^kders,"  are  readily  recognizable  and  their  presence  may  be 
discoimted.  Likewise  repression  of  colonies  thru  overcrowding  is 
frequently  recognizable. 

c.  A  third  difficulty  is  still  more  fundamental.  It  arises  because 
the  bacteria  frequently  exist  in  the  milk  in  clumps  of  twos,  threes, 
fours,  or  even  as  larger  masses.  Since  these  clumps  cannot  be  per- 
fectly separated  into  their  component  individuals  by  any  known 
method  of  shaking  or  manipulation,  the  culture  medium  is  always 
seeded  with  many  groups  of  bacteria.  As  these  grow  they  form  a 
single  mass,  or  colony,  indistinguishable  from  colonies  which  have 
arisen  from  single  individuals.  Counts  of  colonies  are  therefore  never 
comparable  to  counts  of  bacteria,  except  in  those  cases  where  the 
bacteria  exist  in  the  original  milk  as  isolated  individuals. 

d.  The  introduction  of  extraneous  bacteria  and  increase  in  number 
of  bacteria  after  the  samples  are  collected  and  before  the  culture 
medium  is  inoculated  is  always  possible,  even  where  carefully  con- 
trolled. As  additional  colonies  thus  introduced  cannot  be  detects 
from  an  examination  of  the  plates,  this  always  remains  as  a  possible 
source  of  error. 

e.  Since  it  is  impossible  to  get  the  best  results  where  more  than 
300  colonies  are  grown  on  each  plate,  it  becomes  necessary  to  use 
minute  quantities  of  milk  (1/100,000  to  1/1,000,000  cc.)  when 
accurate  results  are  desired  from  samples  giving  *'  coimts  "  in  excess 
of  3,000,000  per  cc.  While  this  measurement  is  made  by  the  dilu- 
tion method  (admittedly  a  very  accurate  method  of  measurement), 
yet  inaccuracies  of  measurement  are  known  to  occur. 
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Skill  and  care  may  reduce  many  of  these  possible  sources  of  error 
to  a  minimum,  but,  as  a  whole,  they  cannot  be  entirely  eUminated. 

Comparison  between  microscopic  and  agar  plate  methods  of  counting. — 
Siace  it  is  impossible  to  make  coimts  of  bacteria  that  are  known  to 
be  absolutely  accurate,  it  becomes  very  difficult  to  determine  whether 
more  accurate  counts  can  be  made  by  direct  observation  than  by 
cultural  methods  or  whether  the  opposite  condition  holds  true. 
This  being  the  case,  it  is  evident  that  the  common  assumption  that 
the  agar  plate  method  gives  the  more  accurate  results  has  no  real 
basis  upon  which  to  rest. 

One  point  of  difference  between  the  two  methods  should  alwa3rs 
be  kept  in  mind  in  oonsiderine  the  accuracy  of  results.  Because  of 
the  fact  that  estimates  made  from  plate  coimts  must  be  based  on  a 
count  of  colonies,  which  should  not  exceed  300  per  plate,  the 
amount  of  milk  examined  is  largest  where  the  bacteria  are  few  in 
number  and  continually  grows  smaller  as  the  number  of  bacteria 
increases.  It  is  as  if  all  scattered  trees  on  10,000  acres  of  cleared 
land  could  be  counted,  whereas  in  making  estimates  of  a  similar  area 
of  woodland  only  one  tenth  of  an  acre  could  be  examined.  Conse- 
quently it  is  probable  that  both  the  absolute  accuracy  and  the 
percentage  accuracy  of  plate  counts  are  at  their  best  in  milk  contain- 
ing few  bacteria,  and  that  both  the  absolute  and  percentage  accuracy 
(rf  results  decreases  as  the  number  of  bacteria  increases. 

In  contrast  to  this,  microscopic  counts  are  made  from  a  smaU  but 
fairly  constant  amoimt  of  milk  regardless  of  the  number  of  bacteria 
present.  It  is  as  if  one  acre  plats  from  100  different  places  selected 
at  random  could  be  examined  in  counting  the  trees  upon  10,000  acre 
plats  r^ardless  of  the  number  of  trees  present.  Under  these  con- 
ditions, the  percentage  accuracy  is  at  its  best,  and  probably  also 
the  absolute  accuracy,  under  intermediate  conditions.  Where  there 
are  few  bacteria  present,  the  pjercentage  accuracy  becomes  poor  tho, 
for  practical  purposes  in  grading  milk,  this  is  of  little  consequence 
because  the  absolute  error  is  not  large.^  A  failure  to  appreciate 
these  differences  in  the  two  methods  of  counting  has  caused  some 
unjustified  criticism  of  microscopic  counts. 

PLAN  OP  THE  PRESENT  INVESTIGATION 

The  first  work  done  was  to  analy29e  a  series  of  twenty  samples  of 
fresh  milk  of  a  miscellaneous  character  (known  in  this  bulletin  as 
Series  A).  Counts  were  made  from  these  both  by  the  agar  plate 
method  and  by  direct  microscopic  examination.    Chiefiy  because  of 

^  The  tnfw^i^g  of  absolute  and  percentage  aoouraoy  as  here  used  can  be  made 
dearer  l^  a  simple  example.  The  percentage  difference  between  1,000  and  2,000  is 
the  same  ss  the  percentage  difference  between  1,000,000  and  2,000,000;  but  the 
absolute  difference  in  the  first  case  (1,000)  is  much  smaller  than  the  absolute 
differenee  in  the  seoond  case  (1,000,000). 
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the  inexperience  of  some  of  the  analysts  with  microscopic  counting, 
and  because  the  miscellaneous  character  of  the  flora  introduced  so 
many  possible  sources  of  error  that  it  was  impossible  to  determine 
the  exact  cause  of  particular  variations,  the  results  obtained  did  not 
throw  as  much  light  on  the  question  of  the  acciuacy  of  the  counts 
as  had  been  expeded. 

On  the  other  hand,  the  results  from  one  of  the  samples  which  was 
known  to  contain  a  predominant  colon  flora  were  so  instructive,  that 
it  was  decided  to  use  samples  of  this  type  for  further  work.  A 
second  series  of  samples  (Series  B)  inoculated  with  the  colon  organ- 
ism was  therefore  analysed  on  April  10, 1916,  and  later  still  (February 
7,  1917),  a  third  series  (Series  C)  was  examined.  As  the  results 
obtained  from  Series  B  and  C  were  instructive  and  explanatory  of  the 
results  from  Series  A,  the  former  series  (B  and  C)  are  discussed  first. 

SERIES  B.— SAMPLES  INOCXJLATED  WITH  AN  ORGANISM 

OF  THE  COLON  GROUP 

The  advantage  of  the  colon  organism  for  the  purpose  in 
hand  arises  from  the  fact  that  it  tends  to  live  in  milk  as  isolated 
individuals,  onlv  occasionally  forming  clumps  of  two,  four  or  rarely 
more  individuals.  Likewise,  it  is  alwa3rs  found  evenly  distributed 
thruout  microscopic  preparations  of  milk  whenever  it  is  present.  It 
also  grows  well  on  ordinary  media  and  at  ordinary  incubation  tem- 
peratures. Thus  "counts''  carefully  made  from  milk  containing  this 
organism  may  be  expected  to  be  nearly  free  from  the  sources  of  error 
discussed  on  pages  148  to  151. 

In  order  to  have  a  series  of  checks  and  counter  checks  upon  the 
accuracy  of  the  results,  it  was  decided  to  use  but  three  batches  of 
milk,  each  batch  to  be  analysed  in  triplicate  by  each  analyst.  The 
three  batches  were  in  each  case  prepared  from  a  liter  of  a  high  grade, 
freshly-drawn  milk  known  to  contain  very  few  bacteria.  The  first 
liter  was  inoculated  with  2.5  cc.  of  an  actively  growing  culture  of 
an  organism  of  the  colon  group,  the  second  liter  with  5  cc,  and  the 
third  liter  with  10  cc.  of  the  same  culture.  Thus  it  was  expected 
that  the  final  "coimts"  would  show  ratios  of  approximately  1:2:4. 
From  a  rapid  microscopic  examination  of  the  first  liter  of  milk  it  was 
expected  that  the  final  ''counts''  from  this  milk  would  be  between 
100,000  and  500,000  per  cc,  and  directions  for  middng  dilutions 
were  given  accordingly. 

Ten  samples,  each  containing  about  15  cc.  of  milk,  were  sent  to 
each  of  six  analysts.  No.  1  was  a  sample  of  the  high  grade  fresh 
milk  used  as  a  base  in  preparing  the  inoculated  milk.  Nos.  2,  3,  and 
4  were  samples  from  the  liter  of  milk  containing  the  smallest  amount 
of  the  colon  culture.  Nos.  5,  6,  and  7  were  from  the  second  liter  of 
inoculated  milk,  while  Nos.  8,  9,  and  10  were  from  the  liter  of  milk 
containing  the  largest  number  of  colon  organisms.    This  distributioii 
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of  samples  resulted  in  eighteen  separate  analyses  of  each  of  the  three 
liters  of  inoculated  milk  by  two  different  methods — a  total  of 
108  analyses.  A  further  check  on  the  final  results  was  estabUshed 
by  having  all  petri  plates  prepared  in  triplicate  from  each  of  two 
dilutions.  The  plates  were  recounted  in  each  case  by  a  second 
analyst  in  order  that  any  carelessness  in  counting  might  be  eliminated. 
Likewise,  the  microscopic  preparations  were  made  in  duplicate  from 
each  sample,  and  they  were  also  recounted  by  a  second  analyst. 
The  six  sets  of  samples  were  prepared  at  Geneva  at  7  A.  M.,  were 
thoroly  iced,  and  three  sets  forwarded  by  messenger  to  Ithaca.  The 
analytical  work  was  started  in  both  laboratories  about  10  A.  M., 
and  the  petri  plates  and  microscopic  slides  were  prepared  in  all 
cases  before  noon.  In  one  respect  the  samples  used  in  this  series 
were  not  perfect,  as  later  examination  showed  that  masses  of  bacteria, 
which  did  not  break  apart  readily,  had  formed  in  the  thin  fihn  of 
cream  on  the  skim  milk  culture.  Consequently,  occasional  groups  of 
10,  20  or  more  individuals  were  found  in  the  final  microscopic 
preparations. 

In  this  series  of  analyses,  one  set  of  samples  was  used  by  a  seventh 
analyst  at  Geneva  for  maUng  ''counts"  by  a  dilution  technique.  In 
making  these,  one  cc.  quantities  of  suitable  dilutions  were  added  to 
sterile  milk  tubes  in  triplicate.  These  inoculated  tubes  were  then 
incubated  for  three  days  at  37®  C,  and  examined  for  growth.  As 
these  "coimts"  were  made  by  only  a  single  person,  and  gave  but  a 
rough  idea  of  the  number  of  organisms  present,  they  are  not  included 
in  the  present  report.  The  results  were  in  generiJ  accord  with  the 
results  secured  by  the  agar  plate  and  the  microscopic  methods,  and 
are  mentioned  because  they  give  confirmatory  evidence  that  the  final 
average  ''counts"  obtained  from  this  series  of  analyses  were  actually 
nearly  accurate. 

Altiho  it  makes  an  extended  series  of  tables,  it  has  been  felt  to  be 
important  to  give  the  detaUed  results  secured  from  coimting  each 
agar  plate  and  each  microscopic  slide  together  with  estimates  of 
numbers  computed  from  these.  This  permits  anyone  to  study  the 
variations  observed,  and  allows  mathematical  slips  to  be  detected. 
Likewise  to  facilitate  comparisons  between  the  results  secured  by 
the  two  different  methods,  standard  deviations  and  coefficients  of 
variability  have  been  computed  for  the  "counts"  or  estimates  of 
numbers  per  cc.  as  reported  for  each  sample:  but  no  further  mathe- 
matical analysis  of  the  data  has  been  made. 

a.  AGAB  PLATE   COUNTS 

Technique  wed.— The  analysts  were  instructed  to  prepare  dilutions 
as  follows:  Sample  No.  1—1: 10  and  1: 100;  Samples  Nos.  2,  3,  and 
4 — 1:1,000  and  1:10,000;  Samples  Nos.  5  to  10—1:10,000  and 
1:100,000.    These  were  made  by  using  freshly  prepared  and  accu- 
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rately  measured  9  and  99  cc.  water  blanks.  One  cc.  pipettes  were 
used  by  all  analysts,  but  those  used  at  Ithaca  were  of  the  type 
with  two  graduation  marks,  while  those  used  at  Geneva  were  of 
the  type  with  a  single  graduation  mark.  As  the  latter  were  sup- 
posed to  have  been  calibrated  to  deliver  1  cc.  quantities*  Analjrsts 
B  and  D  merely  emptied  them  carefully  in  each  case  as  used,  and 
did  not  rinse  them  by  drawing  the  dilution  water  into  the  pipette. 

All  analysts  were  supplied  from  a  single  lot  of  agar  (1  per  cent 
Difco  peptone,  1  per  cent  lactose,  0.3  per  cent  Liebig's  beef  extract, 
1.5  per  cent  air  dried  agar)  prepared  at  the  Ithaca  laboratory.  The 
acidity  of  this  agar,  before  adjusting,  was  1.6  per  cent  normal  to 
phenolphthalein,  and  by  the  addition  of  NaOH  it  was  reduced  to 
1.1  per  cent.    No  record  of  the  H-ion  concentration  was  made. 

Incubation  temperatures  were  not  definitely  controlled  in  all  cases, 
but  they  were  between  25®  and  30**  C.  Plates  were  counted  at  the 
end  of  three  days  when  the  colonies  were  well  developed.  Trouble- 
some spreaders  were  practically  absent,  and  recoimts  of  the  colo- 
nies on  the  plates  were  in  all  cases  in  close  accord  with  the  first 
counts. 

The  ''counts''  for  Samples  Nos.  2,  3,  and  4,  as  reported  here, 
were  secured  by  averaging  the  counts  from  the  individual  plates 
from  both  dilutions;  while  the  counts  from  the  1:100,000  dilutions 
were  usually  discarded  for  the  remaining  samples,  as  they  ordinarily 
showed  less  than  20  colonies  per  plate. 

Counts  obtained. — ^The  figures  given  in  Tables  I-VI  show  not  only 
the  counts  from  the  individual  plates,  but  also  the  estimated  numbers 
per  cc.  as  computed  from  these.  The  results  from  Samples  Nob. 
2,  3,  and  4;  from  Samples  Nos.  5,  6,  and  7;  and  from  Samples 
Nos.  8,  9,  and  10  were  averaged  separately  and  were  used  as  a 
basis  for  computing  the  ratios  given  at  the  foot  of  each  table.  If 
the  samples  had  been  correctly  inoculated  and  the  estimates  of 
numbers  were  made  perfectly,  the  ratios  would  have  been  1:2:4 
in  each  case. 

A  study  of  the  results  obtained  wiU  show  that  these  are  very  regu- 
lar, as  one  would  expect  if  the  analytical  work  were  carefully  done. 
In  order  that  the  reader  may  readily  fiind  the  extreme  variations, 
the  maximum  and  minimum  "counts"  are  retabulated  in  Table  XXI, 
columns  2  and  3.  The  final  average  ''counts"  have  be^i  collected 
in  Table  XIX.  Standard  deviations  and  coefficients  of  variability 
have  been  computed  (Table  XX)  for  each  of  the  three  groups  of 
colon-inoculated  samples. 

The  coefficients  of  variability  were  found  to  range  from  7.7  for 
Samples  Nos.  2,  3,  and  4  to  13.8  for  Samples  Nos.  5,  6,  and  7  with 
an  average  coefficient  of  variability  of  11.1. 
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Tabu  L —  Sbbob  B.  Akalthbs  of  Samfliis  of  Fbbsh  Milk  Inoculated  with 

Colon  Oboanibm. 


Ftotri  platee  prepared  by  Analyst  B 

.    Counted  by  Analysts  B  and  D. 

Sample 

• 

t 

Dilution. 

No.  cobnies  on 

the 

"  Count " 

Average 

no. 

individual  plates. 

per  00. 

"  counts." 

1 

B 

1  :10 

Ill 

121 

70 

1,010 

D 
B 

1:10 

71 

63 

35 

560 

785 

2 

1  :1000 

325 

336 

275 

B 

1  :  10000 

32 

34 

41 

334,000 

D 

1  :1000 

326 

350 

259 

D 

1  :  10000 

33 

36 

42 

341,000 

324,000 

(Analyst  B) 
325,000 

(Analyst  D) 
Ave.  325,000 

3 

B 
B 

1  :1000 
1  :  10000 

326 

Spr. 

300 
Spr. 

Spr. 
31 

312,000 

4 

D 
D 
B 

1  :1000 

1:10000 

1:1000 

328 
Spr. 
312 

309 

Spr. 

300 

Spr. 
32 

Spr. 

319,000 

B 

1  :  10000 

•      36 

33 

33 

326,000 

D 

1  :1000 

304 

295 

Spr. 

D 
B 

1  :  10000 

33 

33 

32 

316,000 

5 

1  :  10000 

56 

61 

Spr. 

585,000 

550,000 

(Analyst  B) 
567,000 

(Analyst  D) 
Ave.  558,000 

6 

D 
B 

1  :  10000 
1  :  10000 

56 
44 

63 
54 

Spr. 
38 

595,000 
453,000 

7 

D 
B 
D 

1  :  10000 
1  :  10000 
1  :  10000 

44 
65 
70 

56 
63 
67 

36 
56 
59 

453,000 
613,000 
653,000 

8 

B 

1  :  10000 

116 

114 

111 

• 

0 
10 

B 
D 
D 
B 
D 
B 

1:100000 
1  :  10000 
1  :  100000 
1  :  10000 
1  :  10000 
1  :  10000 

11 
121 

12 
133 
130 
152 

14 
114 

14 
146 
156 
153 

12 
107 

12 
169 
175 
145 

1,185,000 

1,203,000 
1,493,000 
1,537,000 
1,500,000 

1,393,000 
(Analyst  B) 

1,427,000 
(Analyst  D) 

Ave.  1,410.000 

D 

1  :  10000  . 

157 

158 

147 

1,540,000 

Batio  1  : 1.70  : 4.30  for  B's  counts. 
1 : 1.74  : 4.39  for  D's  counts. 


Ave.  ratio  1  : 1.72  :4.34. 
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Tabu  EL—  Sbbob  B.  Analtub  or  Sampuw  or  Fbbsh  Milk  Xmooitlated 

THB  Colon  Oboakibm. 

Petri  plates  prepared  by  Analyst  C.   Counted  by  Analysts  C  and  B. 


Sample 
no. 

1 

Dihitkm. 

No.  colonies  on  the 
individual  plates. 

" Count " 
per  cc. 

Average 
"  counts." 

1 

C 

B 

1  :10 
1  :10 

25           28         29 
57      Plates  lost 

273 

570 

421 

2 
3 

4 

C 
B 
C 
C 
B 
B 
C 
B 

1  :  10000 
1:10000 
1:1000 
1  :  10000 
1:1000 
1:10000 
1:10000 
1  :  10000 

42           35         40 
38           33         55 

310         320       320 
40           50         40 

367         310       300 

36          ?         r 

42          46         26 
40           41         23 

300,000 
420,000 

375,000 

334,000 
380,000 
347,000 

382,000 

(Analyst  C) 
367,000 

(Analyst  B) 
Ave.  375,000 

5 
6 

7 

C 
B 
C 
B 
C 
B 

1:10000 
1  :  10000 
1:10000 
1:10000 
1  :  10000 
1  :  10000 

70           66Contam- 
68           63  inated 
08           65         65 
104           66         63 
46           58         55 
45           53         52 

680,000 
655,000 
760,000 
777,000 
530,000 
500,000 

657,000 

(Analyst  C) 
644,000 

(Analyst  B) 
Ave.  650,000 

8 

0 

10 

C 
B 
C 
B 
C 
B 

1  :  10000 
1:10000 
1  :  10000 
1:10000 
1:10000 
1:10000 

125         105        120 
130         102       115 
113         118        125 
113         113        112 
115         118       130 
109         116       124 

1,170,000 
1,160  ,.000 
1,190,000 
1,130,000 
1,210,000 
1,160,000 

1,190,000 
(Analyst  C) 

1,150,000 
(Analyst  B) 

Ave.  1,170,000 

Ratio  1  : 1.72  :  3.12  for  C's  counts. 
1 : 1.76  : 3.13  for  B's  counts. 


Ave.  ratio  1  :1.74  :3.13. 
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Tablb  HL —  Sbbdbs  B.  Analtbbs  of  Samples  of  Fsbsh  Milk  Ixocvlltbd  wtth 

THB  Colon  Qboanism. 

Petri  plates  prepared  by  Analyst  D.     Counted  by  Analysts  D  and  C. 


Sample 
no. 

j 

Dilution. 

No.  colonies  on  the 
individual  plates. 

"Count" 
percc.  . 

Average 
"  counts." 

1 

D 
C 

1  :10 
1  :10 

36           26         34 
28          29      Spr. 

320 
285 

303 

2 
3 

4 

D 
D 
C 

g 

D 
C 
C 
D 
D 
C 
C 

1  :1000 

1:10000 

1  :1000 

1:10000 

1:1000 

1:10000 

1:1000 

1:10000 

1  :1000 

1  :  10000 

1:1000 

1:10000 

295         319       312 

26           27         35 
290         290       315 

26           25         40 
319         311       294 

42           33         29 
Not  counted 

42           33         32 
321         297       294 

35           30         30 
Not  counted 

42           30         30 

301,000 
301,000 
327,000 
357,000 
310,000 
340,000 

313,000 

(Analyst  D) 
333,000 

(Analyst  C) 
Ave.  323,000 

5 
6 
7 

D 
C 
D 

;c 

D 
C 

1  :  10000 
1:10000 
1:10000 
1  :  10000 
1  :  10000 
1:10000 

61  57         57 

62  55         55 
64           72         72 

63  66         70 
66          52         52 
60          52         48 

583,000 
673,000 
693,000 
663,000 
567,000 
533,000 

614,000 

(Analyst  D) 
590,000 

(Analyst  C) 
Ave.  602,000 

8 
9 
10 

D 
C 
D 
C 
D 
C 

1  :  10000 
1:10000 
1  :  10000 
1  :  10000 
1:10000 
1:10000 

117         120       117 
115         118       108 
132         122       119 
128         116       112 
136         126       120 
124         118       120 

1,180,000 
1,140,000 
1,240,000 
1,190,000 
1,270,000 
1,210,000 

1,230,000 

(Analyst  D) 
1,180,000 

(Analyst  C) 
Ave.  1,205,000 

Batio  1  :  1 .96  :  3.93  for  D's  counts. 
1  : 1.77  :  3.54  for  C's  counts. 


Ave.  ratio  1  : 1.87  :3.74. 
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Tablb  IV. —  SsBias  B.    Analtsbs  or  Sampum  of  Fbbsb  Mux  Ixoculltsd  wtte 

THB  Colon  Obganism. 

Petri  plates  prepared  by  Analyst  F.  Counted  by  Analysts  F  and  I. 


Sample 

t 

Dilution. 

No. 

colonies  on  the 

"Count"             Avefage 

no. 

1 

individual  plates. 

per  cc. 

"counts." 

1 

F 

1  :10 

Spr. 

27 

24 

255 

I 

1  :10 

Spr. 

32 

26 

290 

273 

2 

F 

1  :1000 

314 

394 

372 

F 

1  :  10000 

31 

43 

38 

367,000 

I 

1  :1000 

301 

351 

337 

I 

1  :  10000 

31 

43 

39 

353,000 

3 

F 

1  :1000 

401 

378 

373 

387,000 

F 

1  :  10000 

47 

43 

36 

402,000 

(Analyst  F) 

I 

1  :1000 

372 

346 

348 

369,000 

I 

1  :  10000 

45 

44 

39 

391,000 

(Analyst  I) 

4 

F 

1  :1000 

3d5 

377 

449 

Ave.  378,000 

F 

1  :  10000 

36 

38 

42 

392,000 

I 

1  :1000 

323 

324 

341 

I 
F 

1  :  10000 

36 

40 

42 

362,000 

5 

1  :  10000 

67 

55 

63 

583,000 

I 

1  :  10000 

69 

57 

63 

630,000 

616,000 

6 

F 

1  :  10000 

80 

68 

66 

713,000 

(Analyst  F) 

I 

1  :  10000 

72 

64 

65 

670,000 

626,000 

7 

F 

1  :  10000 

55 

59 

52 

553,000 

(Analyst  I) 

I 

1  :  10000 

53 

61 

50 

577,000 

Ave.  621,000 

8 

F 

1  :  10000 

143 

159 

159 

1,537,000 

I 

1  :  10000 

141 

162 

148 

1,503,000 

1,571,000 

9 

F 

1  :  10000 

134 

151 

177 

1,540,000 

(Analyst  F) 

I 

1  :  10000 

126 

159 

152 

1,457,000 

1,530,000 

10 

F 

1  :  10000 

148 

158 

185 

1,637,000 

(Analyst  I) 

I 

1  :  10000 

161 

150 

178 

1,630,000 

Ave.  1,651,000 

Ratio  1  :  1.59  :  4.06  for  F's  counts. 
1  : 1.69  : 4.15  for  I's  counts. 


Ave.  ratio  1  : 1.64  : 4.11. 
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Tabu  Y. —  Sibos  B.    Analtbbb  of  Samplbb  of  Fbbbh  Milk  Inoculatud  with 

THB  Colon  Obganism. 

Petri  plates  prepared  by  Analyst  H.    Counted  by  Analysts  H  and  F. 


Sunpie 

• 

1 

Dilution. 

No. 

colonies  on 

L  the 

"Count" 

Average 

no. 

< 

individual  plates. 

per  ec. 

"counts." 

1 

H 

1  :10 

Spr. 

45 

23 

340 

F 

1  :10 

Spr. 

46 

26 

360 

350 

2 

H 

1  :1000 

300 

322 

302 

H 

1  :  10000 

27 

38 

38 

326,000 

F 

1  :1000 

344 

372 

345 

F 

1  :  10000 

27 

37 

33 

339,000 

8 

H 

1  :1000 

290 

280 

307 

329,000 

H 

1  :  10000 

38 

35 

35 

326,000 

(Anidyst  H) 

F 

1  :1000 

312 

331 

342 

332,000 

F 

1  :  10000 

33 

32 

35 

331,000 

(Analyst  F) 

4 

H 

1  :1000 

290 

286 

326 

Ave.  330,000 

H 

1  :  10000 

30 

41 

40 

335,000 

F 

1  :1000 

302 

283 

348 

F 

1  :  10000 

27 

37 

38 

326,000 

6 

H 

1  :  10000 

52 

58 

70 

600,000 

F 

1  :  10000 

54 

57 

65 

587,000 

668,000 

6 

H 

1  :  10000 

71 

55 

76 

673,000 

(Analyst  H) 

F 

1  :  10000 

63 

Spr. 

68 

655,000 

648,000 

7 

H 

1  :  10000 

77 

84 

58 

730,000 

(Analyst  F) 

F 

1  :  10000 

69 

82 

60 

703,000 

Ave.  658,000 

8 

H 

1  :  10000 

153 

142 

140 

1,450,000 

F 

1  :  10000 

153 

147 

174 

1,580,000 

1,418,000 

9 

H 

1  :  10000 

129 

137 

142 

1,360,000 

(Analyst  H) 

F 

1  :  10000 

164 

142 

129 

1,450,000 

1,563,000 

10 

U 

1  :  10000 

142 

131 

160 

1,443,000 

(Analyst  F) 

F 

1  :  10000 

155 

158 

185 

1,660,000 

Ave.  1,491,000 

Ratio  1  :  2.03  : 4.31  for  H's  counts. 
1  : 1.95  : 4.71  for  F's  counts. 


Ave.  ratio  1  :  1.99  :4.51. 
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Tablb  VI.— Sudbs  B.    Analtsbs  of  SAMFtiM  OF  Fbub  Milk  InoouLAnD  with 

THB  Colon  Oboanisii. 

Petri  platee  prepared  by  Analyst  I.  Counted  by  Analysts  I  and  H. 


Sample 
no. 

1 

I 

Dilution. 

No.  colonieB  on  the 
individual  plates. 

"Count" 
per  00. 

Average 
"counts." 

1 

1  :10 

21 

23 

22 

220 

H 

1  :10 

13 

24 

20 

190 

205 

2 

I 

1  :1000 

379 

347 

328 

I 

1  :  10000 

36 

33 

31 

342,000 

H 

1  :1000 

344 

379 

342 

H 

1  :  10000 

38 

34 

31 

349,000 

8 

I 

1:1000  ' 

344 

356 

379 

360,000 

I 

1:10000 

34 

47 

33 

370,000 

(Analyst  I) 

H 

1  :1000 

297 

341 

350 

334,000 

H 

1  :  10000 

34 

46 

32 

351,000 

(Analyst  H) 

4 

I 

1  :1000 

389 

365 

363 

Ave.  347,000 

I 

1  :  10000 

37 

39 

33 

368,000 

H 

1  rlOOO 

380 

260 

280 

H 

1  :  10000 

41 

22 

27 

303,000 

5 

I 

1  :10000 

78 

88 

71 

790,000 

H 

1  :  10000 

.79 

86 

59 

747,000 

757,000 
(Analyst  I) 

6 

I 

1  :  10000 

80 

66 

68 

713,000 

H 

1  :  10000 

85 

64 

73 

740,000 

751,000 

7 

I 

1  :  10000 

83 

82 

65 

767,000 

(Analyst  H) 

U 

1  :  10000 

84 

78 

68 

767,000 

Ave.  754,000 

8 

I 

1:10000 

154 

120 

146 

1,400,000 

H 

1:10000 

148 

126 

149 

1,410,000 

1,460,000 

9 

I 

1  :  10000 

144 

145 

153 

1,470,000 

(Analyst  I) 

H 

1  :  10000 

145 

135 

150 

1,430,000 

1,480,000 

10 

I 

1  :  10000 

137 

168 

148 

1,510,000 

(Analyst  H) 

H 

1  :  10000 

170 

160 

152 

1,610,000 

Ave.  1,470,000 

Ratio  1  : 2. 10  : 4.06  for  I's  counts. 
1 : 2.25  : 4.43  for  H's  counts. 


Ave.  ratio  1  : 2.17: 4.25. 
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The  tabulation  of  results  revealed  a  tendency  on  the  part  of  the 
Geneva  men  (B,  C,  and  D)  to  report  lower  ''counts"  than  those 
reported  from  Ithaca,  a  tendency  which  had  been  previously  noted 
in  Series  A.  Thus  in  Series  B,  only  nine  out  of  27  "counts"  from 
the  Geneva  laboratory  were  higher  than  the  final  averages,  while 
20  out  of  27  ''counts"  from  the  Ithaca  laboratory  were  higher  than 
the  average  ^ures. 

As  the  differences  were  relatively  small,  and  as  one  of  the  Geneva 
men  (C)  who  rinsed  his  pipettes  obtained  higher  counts  than  the 
otheis,  a  suspicion  arose  that  they  were  caused  by  inaccuracies  in 
the  measurements  of  the  milk  and  of  the  dilution  waters.  Conse- 
quently, the  one  cc.  pipettes  used  were  recalibrated,  whereupon 
it  was  found  that  the  use  of  the  one  mark  pipettes  without  rinsing 
in  the  dilution  waters  was  causing  a  small  but  detectable  loss  as 
they  were  calibrated  to  contain  one  cc.  and  d'.d  not  deliver  the 
full  amount. 

In  order  to  test  the  matter  fuither,  the  Geneva  analysts  used  the 
same  pipettes  for  the  next  series  of  analyses,  carefully  rinsing  each 
pipette  as  used.  likewise,  in  order  to  secure  more  accurate  dilutions, 
1 :  10  dilutions  were  prepared  for  each  sample  by  withdrawing  5  cc. 
of  milk  with  a  5  cc.  pipette,  and  adding  this  to  45  cc.  of  sterile 
water.  Subsequent  dilutions  were  prepared  with  one  cc.  pipettes. 
The  results  secured  with  this  improved  system  of  measurement  are 
discussed  on  page  187. 

The  ratios  between  the  final  average  "counts"  made  by  each 
analyst,  as  shown  at  the  bottom  of  Tables  I  to  VI,  agree  well  with 
the  expected  ratio  of  1  : 2  : 4.  It  is  worth  noting,  however,  that,  in 
all  but  one  of  the  six  triple  ratios,  the  first  ratio  is  less  than  the  1 : 2 
ratio  which  was  expected.  As  tiie  average  ratio  between  the  first 
and  last  "counts"  was  almost  exactly  1 : 4,  this  condition  raises  the 
question  whether  the  second  liter  of  milk  may  not  have  failed  actu- 
i^y  to  receive  the  full  number  of  bacteria  that  were  supposed  to 
have  been  added.  The  final  average  ratio  (see  Table  }QC)  for  all 
of  the  plate  "counts"  was  1: 1.85: 4.00. 

The  regularity  of  the  plate  "counts"  and  the  agreement  between 
the  observed  and  the  expected  ratios  make  it  probable  that  the 
figures  given  by  the  analysts  were  actually  accurate  estimates  of  the 
number  of  bacteria  present.  Yet  it  must  be  remembered,  as  already 
explained  (page  146),  that  both  of  these  things  might  be  true  in  the 
case  of  agar  plate  "counts"  which  were  actuaUy  very  inacciu^te. 

All  of  the  analysts  agreed  that  Sample  No.  1  contained  very  few 
bacteria,  the  agar  plate  "counts"  being  less  than  800  per  cc.  in  all 
cases.  The  find  average  "count"  was  390  per  cc.  The  results 
show  that  this  milk  contained  so  few  bacteria  that  the  number  present 
could  not  have  influenced  the  final  figures  as  reported  for  the  remain- 


6 
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ing  samples  in  the  series.    This  sample  is  discussed  further  in  oon* 
nection  with  Series  A  (pages  225,  229,  et  al.). 

b.  microscopic  counts. 

Counts  of  two  kinds  were  made  by  microscopic  examination  of 
the  stained  dried  milk.  The  first  of  these,  spoken  of  in  this  paper  as 
the  ''group"  count,  was  obtained  by  regarding  each  isolated  organism 
and  each  actual  clump  of  two  or  more  organisms  as  single  ''groups." 
From  theoretical  considerations  it  was  expected  that  the  estimate 
based  on  liiis  count  would  be  lower  than  the  agar  plate  "counts"  as 
the  latter  are  based  on  the  growth  of  the  "groups"  after  they  are 
partiaUy  broken  apart  in  the  preparation  of  the  dilution  waters. 

A  count  of  individual  bacteria  was  also  made,  any  organism  show- 
ing clear  indication  of  approaching  division  being  recorded  as  two 
individuals.  It  was  expected  that  the  estimate  based  on  this  count 
would  in  all  cases  be  larger  than  the  agar  plate  "count." 

All  analysts  examined  100  fields  of  the  oil  immersion  lens  on  each 
of  two  duplicate  preparations  from  each  sample,  and  nearly  all 
recorded  not  only  the  number  of  bacteria  seen,  but  also  the  number 
of  twos,  threes,  fours,  etc.  Analysts  A,  B,  and  D,  who  were  more 
experienced  in  the'  technique  than  the  others,  used  special  ocular 
micrometers  (see  Technical  Bulletin  No.  49)  ruled  in  circles  and 
quadrants  of  circles,  and  adjusted  the  tube  length  of  their  microscopes 
so  that  the  dried  solids  from  1/600,000  cc.  of  milk  were  visible  in 
each  microscopic  area  counted.  As  only  the  central  part  of  the  field 
was  used,  the  definition  was  clear  and  sharp  and  the  danger  of  over- 
looking bacteria  was  lessened.  Each  of  the  three  analysts  mentioned 
examined  200  fields  for  each  sample  of  milk,  so  that  each  counted 
the  bacteria  in  1/3,000  cc.  regardless  of  the  number  present. 

The  less  experienced  men  used  the  entire  field  of  lihe  microscope 
and  did  not  adjust  their  instruments  so  that  it  was  necessary  for 
them  to  use  an  irregular  number  in  their  computations.  In  s^  cases 
they  examined  a  larger  amount  of  milk  thaii  did  the  experienced 
men,  but  their  counts  were,  nevertheless,  decidedly  less  r^ular  than 
those  returned  by  the  experienced  men. 

This  fact  was  so  evident  from  the  "counts"  returned  that  the 
maximum  microscopic  "counts"  obtained  by  the  men  experienced  in 
microscopic  Qounting  have  been  retabulated  in  Table  XXII  for 
comparison  with  the  maximum  and  minimum  "counts"  reported  by 
all  analysts  as  given  in  Table  XXI.  In  comparing  the  two  tables 
it  will  be  seen  that,  whereas  the  maximum  "counts"  given  in  Table 
XXI  for  Samples  Nos.  2,  3,  and  4  are  greater  than  the  minimum 
"counts"  given  for  Samples  Nos.  5,  6,  and  7,  and  the  maximum 
"counts"  for  the  latter  group  of  samples  are  greater  than  the  mini- 
mum "counts"  for  Samples  Nos.  8,  0,  and  10,  no  such  overlapping 
of  "counts"  occurs  in  the  results  given  in  Table  XXII. 
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This  fact  is  brought  out  thus  prominently  because  some  have 
failed  to  appreciate  that  accurate  microscopic  counting  requires  the 
same  training  in  attention  to  details  that  is  required  in  mi^dng  agar 
plates,  and  have  condemned  the  technique  because  inexperienced 
workers  have  failed  to  secure  regular  and  consistent  results.  In  the 
case  under  discussion,  it  should  be  remembered  that  the  least  expe- 
ri^iced  of  the  men  were  trained  laboratory  workers  with  some 
previous  training  in  microscopic  counting,  and  they  probably  did 
better  work  than  would  the  ordinary  beginner  with  the  technique. 

Tables  VII  to  XVII  give  a  record  not  only  of  the  final  group  and 
individual  ^'counts,"  but  also  of  the  number  of  isolated  bacteria, 
number  of  pairs,  threes,  fours,  etc.,  seen  by  each  analyst.  This 
record  permits  detailed  comparisons  to  be  made  between  the  work 
of  the  different  men.  Thus  the  reason  or  reasons  for  some  of  the 
wider  discrepancies  may  be  foimd. 

Computations  of  the  standard  deviations  are  given  in  Table  XXI 
wi&  their  coefficients  of  variability.  From  this  table  it  will  be  seen 
that  the  coefficients  of  variability  of  the  group  **counts"  vary  from 
21.3  for  the  group  of  samples  containing  the  largest  niunber  of  bac- 
teria to  26.8  for  the  group  of  samples  containing  the  fewest  bacteria. 
The  average  for  all  samples  was  24.1. 

The  coefficients  of  variability  for  the  individual  "counts"  were 
lai^r  (as  was  to  be  expected)  and  varied  from  24.0  for  the  group  of 
samples  having  the  largest  number  of  bacteria  to  33.6  for  the  group 
of  samples  containing  the  fewest  bacteria.  The  average  for  aU 
samples  was  28.3. 

In  spite  of  the  variability  of  the  microscopic  ''counts,"  the  irregu- 
larities counterbalanced  each  other  in  such  a  way  that  the  final 
average  ratios,  as  given  in  Table  XXI,  are  very  close  to  the  expected 
ratio  of  1:2:4.  Thus,  for  the  group  "counts"  the  observed  ratio 
was  1: 1.98: 3.86,  while  that  for  the  "counts"  of  individmd  bacteria 
wafl  1: 1.69:3.26.  It  will  be  observed  that  all  of  these  ratios  are 
bwer  than  the  expected  ratios.  As  there  are  several  possible  explana- 
tions for  this  condition,  it  is  useless  to  speculate  upon  them. 

Some  fairly  wide  variations  from  the  expected  ratio  will  be  found 
among  the  ratios  actually  obtained  by  the  individual  analysts  which 
are  recorded  at  the  bottom  of  Tables  VII  to  XVII.  However, 
many  of  the  ratios  obtained  agree  well  with  the  expects  ratio. 

It  should  also  be  pointed  out  in  connection  with  these  "coimts" 
(as  has  been  done  with  the  plate  "counts")  that  neither  agreement 
in  results  nor  the  fact  that  the  observed  and  the  expected  ratios  are 
in  close  agreement  prove  that  the  "counts"  as  given  are  truly  accu- 
rate. These  conditions  raise  a  strong  probability  that  the  final 
average  figures  are  very  close  approximations  to  the  actual  number 
of  groups  or  of  bacteria  present  per  cc,  but  they  do  not  jnwe  ^e 
accuracy  of  the  results. 
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C.  comparison  between  the  plate  and  the  microscopic  COtTNTS 

It  is  not  until  the  results  obtained  by  the  two  different  methods  of 
counting  are  compared  with  each  other  that  the  probable  accuracy 
of  the  counts  can  be  established  with  reasonable  certainty.  An 
examination  of  the  results  as  given  in  Table  XIX  shows  that  the 
final  average  group  ''counts''  are ,  in  variably  lower  than  the  fimd 
average  plate  ''counts/'  while  the  final  average  individual  "counts" 
are  higher  than  either  of  the  other  counts.  This  is  as  it  should  be 
if  the  results  were  truly  accurate,  for  it  is  to  be  expected  that  the 
groups  were  somewhat  broken  up  in  the  process  of  preparing  the 
plat^y  thereby  causing  more  colonies  to  appear  on  the  plates  than 
there  were  groups  originally  present  in  the  milk.  However,  it  is  not 
to  be  expected  that  all  groups  were  broken  into  their  component 
individuals,  so  that  the  plate  "count"  should  never  be  as  large  as 
the  individual  "count"  if  both  were  truly  accurate. 

Even  the  average  "counts"  as  report^  by  each  individual  analyst 
(see  Table  XIX)  usually  show  a  plate  "count"  intermediate  between 
the  two  microscopic  "counts."  As  is  to  be  expected,  however,  this 
relationship  is  not  as  perfectly  maintained  as  it  is  in  the  case  of  the 
final  average  "counts."  Thus,  in  eight  cases  out  of  a  possible  54, 
the  plate  "counts"  reported  were  less  than  the  group  "counts"  as 
reported,  while,  in  17  cases  out  of  a  possible  54,  the  plate  "counts" 
exceeded  the  individual  "counts."  Altho  this  analytical  work  was 
done  with  care,  it  is  evident  that  errors  in  "counts"  were  not  abso- 
lutely eliminated. 

The  test  for  accuracy  just  discussed  is  a  relatively  severe  one,  for 
it  must  be  remembered  that  the  milk  used  for  analysis  contained 
very  small  groups  of  bacteria  (average  size  1.6  individuals).  This 
means  that  the  individual  "count"  is  only  1.6  times  the  si^e 
of  the  group  "count"  if  both  are  perfectly  made,  so  that  lajqge 
variations  in  the  plate  "counts"  would  cause  these  to  be  lai^^  or 
smaller  than  the  microscopic  "coimts."  Since  the  conditions  found 
indicate  that  aU  three  counts  represent  fairly  accurately  the  condi- 
tions as  they  exist,  it  then  becomes  possible,  by  a  comparison 
between  the  group  and  the  plate  "counts,"  to  determine  how  much 
the  clumps  were  broken  apart  by  the  shaking  in  the  dilution  waters. 
Thus  we  find  that,  whereas  the  average  group  in  the  original  milk 
from  which  Samples  Nos.  2,  3,  and  4  were  prepared,  contained  1.85 
individuals,  the  average  group  in  the  final  dilution  water  contained 
but  1.39  individuals.  In  the  case  of  Samples  Nos.  5,  6,  and  7  the 
average  size  of  the  group  was  reduced  from  1.58  to  1.27  by  the 
shaking  and  dilution  process;  while  in  Samples  Nos.  8,  9,  and  10 
the  average  size  of  the  groups  was  reduc^  from  1.58  to  1.13 
individuals. 

One  of  the  most  interesting  comparisons  which  can  be  made 
between  the  three  types  of  counts  is  that  of  their  coefficients  of 
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Tabix  XIX. —  SiBiBB  B.    SxnaiABT  of  Platb  and  MicBoeoono  "Comns." 


! 


24 


R 


BB 
BD 
CC 
CB 
DD 
DC 
FF 

n 

HH 

HF 

II 

IH 


Plate 
"count." 


Com- 
bined 

average.} 


390 


325,000 
375,000 
323,000 
378,000 
330,000 
347,000 


Final  ave.—    346,000 


W 


BB 

BD 

CC 

CB 

DD 

DC 

FF 

FL 

HH 

HP 

II 

IH 


558,000 
650,000 
602,000 
621,000 
658,000 
754,000 


Final  ave.—  640,000 


8-10 


BB 
BD 
CC 
CB 
DD 
DC 
FF 

n 

HH 

HF 
II 

m 


1,410,000 
1,170,000 
1,205,000 
1,551,000 
1,491,000 
1 ,470,000 


Final  aye.~  1,383.000 


BB 

BD 

CA 

CB 

DD 

DA 

FF 

FI 

HH 

HF 

II 

IH 


Group  "oount." 


Average 
for  each 
analyst 


§262,000 
303,000 
275,000 
206,000 
291,000 
227,000 
301,000 
386,000 
211,000 
221,000 
293,000 
147,000 


Combined 
average. 


3,000 


282,000 
241,000 
259,000 
343,000 
216,000 
220,000 


260,000 


BB 

BD 

CA 

CB 

DD 

DA 

FF 

FI 

HH 

HF 

II 

IH 


(560,000 
611,000 
549,000 
432,000 
640,000 
525,000 
545,000 
556,000 
411,000 
473,000 
609,000 
255,000 


585,000 
490,000 
582,000 
550,000 
442,000 
432,000 


514,000 


BB 
BD 
CA 
CB 

DD 

DA 

FF 

PI 

HH 

HF 

II 

IH 


§1,127,000 
1,204,000 
1,063,000 

882,000 
1,513,000 
1,166,000 

822,000 
1,116,000 

567,000 
1,015,000 

895,000 

629,000 


1,165,000 
982,000 

1,339,000 
969,000 
791,000 
762,000 


1,001,000 


Individual  "count." 


Average 
for  each 
anaJjTBt. 


§499,000 
489,000 
430,000 
381,000 
435,000 
376,000 
385,000 
739,000 
276,000 
310,000 
773,000 
690,000 


§1,018,000 
969,000 
852,000 
755,000 
1,097,000 
798,000 
816,000 
758,000 
617,000 
702,000 
865,000 
513,000 


§1,919,000 
1,974,000 
1,686,000 
1,483,000 
2,475,000 
1,706,000 
1,473,000 
1,472,000 

969,000 
1,510,000 
1,230,000 

949,000 


Com- 
bined 
average. 


4,000 


494,000 
405,000 
405,000 
562,000 
293,000 
731,000 


482,000 


993,000 
803,000 
948,000 
787,000 
660,000 
689,000 


813,000 


1,946,000 
1,584,000 
2,091,000 
1,472,000 
1,240,000 
1,090,000 


1,570,000 


*  DetMled  fcnOti  for  Saxnple  1  an  given  m  Tabk  LXIV,  pa«e  225. 
'The  fint  aaafarat  named  made  the platee  or alidee.    The eeoond  eounted  them. 
:  Hw  iadiTidaal  aTenm  wUTbe  found  in  Tables  I  to  VI,  paces  156  to  160. 
Aa  Analysts  A,  B.  and  D  examined  1  eu.  mm.  of  milk  m  making  their  "counts."  the  exact 
aiier  of  ^ronpa.  or  of  bacteria  that  they  eaw  is  obtained  by  dividing  tiieir  results  by  1000. 
The  remaimng  analysts  examined  a  little  more  than  1  ou.  mm. 


i^ 
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variability.  By  examining  these  in  Table  XX,  it  will  be  seen  that 
the  average  coefficient  of  variability  for  all  of  the  plate  ''counts"  in 
Series  B  was  11.1.  On  the  other  hand,  the  similar  value  for  the 
group  "count"  is  24.1  and  for  the  individual  "count"  it  is  28.3.^ 

Table  XX. —  Sbbiss  B.    Summabt  of  Table  XIX. 


i 

,  Plats  "count." 

Group  "count." 

Individual  "count." 

OQ 

Final 
averages. 

Stand- 
ard 

devia- 
tion. 

Co- 
effi- 
cient 
varia- 
tion. 

Final 
averages. 

Stand- 
ard 

devia- 
tion. 

Co- 
effi- 
cient 
varia- 
tion. 

Final 
averages. 

Stand- 
ard 

devia- 
tion. 

Co. 

dent 
varia^ 
tion. 

2-4 
5-7 
8-10 

346,000 

640,000 

1,383,000 

26,600 

88,300 

163,000 

7.7 
13.8 
11.8 

260,000 

514,000 

1,001,000 

60,700 
124,000 
213,000 

26.8 
24.1 
21.3 

482,000 136,000 

813,000  221,000 

1,570,000377,000 

33.6 
27.2 
24.0 

Ave.. 

.    11.1 

24.1 

28.3 

Ratio  1 

:1:85:4.( 
1.00:2. 

DO 
16 

1 

Ratio  1 

:1.98:3.8i 
1.00:1.0< 

5 
5 

Ratio  1: 

:1. 60 .3.28 
1.00:1.93 

Average  number  of  bacteria  per  group  —  1.6  individuals. 


This  shows  at  once  that  the  microscopic  "counts"  were  more 
variable  than  were  the  plate  "coimts,"  a  fact  which  is  evident  even 
on  a  casual  inspection.  There  are  certain  things  which  should  be 
kept  in  mind,  however,  in  comparing  these  coefficients  of  variability, 
namely,  that  such  variations  may  be  produced  by  the  limitations  in 
the  technique  itself,  by  differences  in  the  skill  of  the  analysts,  or  by 
actual  differences  in  the  number  of  bacteria  or  groups  of  bacteria 
present  in  the  quantities  of  milk  examined  by  the  different  analysts. 

The  greater  variability  of  the  individual  "counts"  as  contrasted 
with  the  group  "counts"  is,  for  example,  due  to  the  fact  that  it  is 
always  affected  by  one  more  source  of  variation  than  is  the  group 
count,  namely  differences  in  the  nimiber  of  individuals  found  in  the 
groups.  As  both  the  group  "counts"  and  the  individual  "counts" 
were  made  from  identical  portions  of  the  original  samples  of  milk, 
the  greater  variability  of  the  latter  "counts"  is  caused  by  the  fact 
that  some  analysts  chanced  to  find  larger  sized  groups  than  did  others. 


^Unfortunately  the  18  "counts"  obtained  from  each  set  of  samples  have  not 
been  given  in  the  tables,  but  they  may  be  obtained  by  simple  oomputatioa  from 
the  figures  given  in  Tables  I-VI,  fourth  column,  and  Tables  VII-XVIII  last  two 
columns.  In  the  case  of  the  plate  "counts,"  each  pair  of  adjoining  figures  riiould 
be  averaged;  in  the  case  of  the  microscopic  "counts,"  the^figures  from  adjoining 
tables  should  be  averaged  in  pairs. 
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Tablb  XXI.— Suns  B.  MAznnjM  and  Minimum  Plate  and  Micboscopic  "Countb." 


Sample 

Plate  "oounts." 

Group  "counts." 

Individual  "counts." 

Total 
no 

no. 

Mini-"" 
mum. 

Maxi- 
mum. 

Mini- 
mum. 

Maxi- 
mum. 

Mini- 
mum. 

Maxi- 
mum. 

"counts." 

1 

2A 

6-7 

8-10 

190 

220 

301,000 

301,000 

453,000 

453,000 

1,130,000 

1,140,000 

1,010 

570 

420,000 

402,000 

790,000 

777,000 

1,660,000 

1,637,000 

000 

000 

45,000 

97,000 

72,000 

186,000 

435,000 

476,000 

258,000 
156,000 
500,000 
459,000 
774,000 
765,000 
1,623,000 
1,627,000 

000 
000 
97,000 
131,000 
199,000 
308,000 
656,000 
746,000 

300,000 
192,000 
1,841,000 
1,748,000 
1,641,000 
1,110,000 
2,586,000 
2,566,000 

12 

36 

36 

36 

Table  XXII. —  Sebibs  B.   Maximum  and   MimMUM  Micboscopic   "Counts" 
Obtained  bt  the  Analysts  Expebienced  in  this  Technique. 


Sample 
no. 

Group  "count." 

Individual  "count." 

Total 
no. 

Minimum.^ 

Maximum. 

Minimum. 

Maximum. 

"counts." 

1 

000 
000 
166,000 
189,000 
348,000 
417,000 
840,000 
897,000 

12,000 

3,000 

315,000 

303,000 

765,000 

627,000 

1,623,000 

1,627,000 

000 

000 

258,000 

333,000 

642,000 

720,000 

1,506,000 

1,428,000 

18,000 

3,000 

585,000 

552,000 

1,641,000 

1,110,000 

2,586,000 

2,565,000 

6 

2-i 

18 

6-7 

18 

8-10 

18 

SERIES  C— SAMPLES  INOCULATED  WITH  AN  ORGANISM 

OF  THE  COLON  GROUP 

Ajs  aO  of  the  analysts  felt  that  the  accuracy  of  the  work  thus  far 
done  could  be  stiU  further  improved  as  a  result  of  the  experience 
gained,  it  was  decided  to  duplicate  the  last  series  of  analyses,  intro- 
ducing such  improvements  in  technique  as  had  been  suggested  by 
the  residts  secured.  Circumstances,  however,  prevented  its  repeti- 
tion until  February  7,  1917,  at  which  time  only  four  of  the  analysts 
who  had  participated  in  the  work  of  both  Series  A  and  B  were  avail* 
able.  The  group  of  six  was  therefore  completed  by  including  one 
man  \dio  had  participated  in  the  work  of  Series  A  only,  and  one  man 
who  had  participated  in  the  work  of  Series  B  only. 

Each  ajialyst  knew  the  general  nature  of  the  samples  furnished, 
and  knew  something  of  the  results  as  they  were  obtained  in  the 
laboratory  in  which  he  worked;  but  no  comparisons  were  made 
between  the  ''coimts"  as  obtained  in  the  two  laboratories  until  the 
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final  reports  were  ready.  These  conditions  were  permitted  as  the 
work  of  every  analyst  was  checked  by  a  second  analyst,  and  every 
man  was  keenly  interested  in  finding  the  true  state  of  affairs  rc^rd- 
less  of  any  preconceived  ideas. 

Six  sets  of  samples  were  prepared  at  the  Geneva  laboratory. 
Three  of  the  sets  were  sent  to  Ithaca  by  messenger  as  before,  and 
three  retained  at  Geneva.  Sample  No.  1  was  taken  from  a  high 
grade  fresh  milk  which  was  used  as  the  base  for  the  inoculated 
samples.  In  preparing  the  three  Uters  of  inoculated  milk  for  samp- 
ling, the  procediu«  foflowed  was  to  add  enough  of  the  colon  culture 
to  a  liter  of  mUk  to  give  a  count  in  excess  of  1,000,000  per  cc.  as 
determined  roughly  by  inunediate  microscopic  examination.  Then 
500  cc.  of  this  milk  was  diluted  with  500  cc.  of  the  uninoculated 
fresh  milk  to  make  a  second  liter  of  milk  which  presumably  contained 
exactly  one  half  of  the  organisms  present  in  the  first  liter.  Then 
500  cc.  was  taken  from  the  second  liter,  and  added  to  another  500  cc. 
portion  of  the  iminoculated  milk,  making  a  third  liter  of  milk  which 

Eresmnably  contained  one  half  of  the  organisms  from  the  second 
ter,  or  one  fourth  of  the  organisms  from  the  first  liter. 
Samples  Nos.  2,  3,  and  4  were  prepared  from  the  third  liter  of  milk; 
Samples  Nos.  5,  6,  and  7  from  the  second  liter;  and  Samples  Nos.  8, 9, 
and  10  from  the  first  liter.  Thus,  the  final  average  "  counts  "  from 
these  three  groups  of  samples  were  expected  to  show  the  ratio  of 
1:2:4  as  before. 

a.  AGAR  plate  counts 

Technique  used. —  All  of  the  agar  used  was  prepared  in  a  sinflde 
batch  at  Ithaca  and  it  had  the  same  composition  as  before,  llie 
acidity  of  the  medium  was  approximately  1  per  cent  normal  acid  to 
phenolphthalein,  and  was  found  to  have  a  reaction  of  about  pH :  7.6. 

As  already  stated  (page  161)  the  Geneva  analysts  were  instructed 
to  rinse  aU  one  cc.  pipettes  as  they  were  used,  and  all  analysts  pre- 
pared their  first  dilutions  by  adding  5  cc.  of  niilk  to  45  cc.  of  sterile 
water.  Instructions  were  given  to  use  1:10  and  1:100  dilutions 
for  Sample  No.  1;  1:1,000  and  1:10,000  dilutions  for  Samples  Nos. 
2,  3,  and  4;  and  1 :  10,000  and  1 :  100,000  dilutions  for  the  remaining 
samples.  Later  it  became  evident  that  these  instructions  were 
satisfactory  as  plates  were  secured  in  each  case  which  developed  more 
than  30,  and  less  than  300,  colonies.  The  plates  were  recounted  by  a 
second  analyst  from  the  laboratory  in  which  the  plates  were  prepared. 

Counts  obtained. —  The  detailed  results  are  given  in  Tables  XXIII  to 
XXVIII.  From  these  it  will  be  seen  that  the  high  grade  milk  was 
again  found  to  haveavery  low^'count,"  the  final  average  plate  "count" 
(see  Table  XLI)  being  623  per  cc.  Thus  it  was  sufficiently  free  from 
bacteria  to  serve  sati^actorily  as  a  base  for  the  inoculated  samples. 
The  detailed  results  from  this  sample  arc  retnbulated  in  Table 
LXV,  and  are  discussed  in  connection  with  Series  A  (see  page  229). 
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Tabim  JUUiL-*- Sbbdbb  C.  Akaltsxb  of  Samplbs  or  Fbb8h  Milk  Inoculatbd 

WITH  THB  Colon  Oboanism. 

Petri  plates  prepared  by  Analyst  B.    Counted  by  Analysts  B  and  C. 


na 

• 

9. 

Dflution. 

No.  oolonies  on  the 
indmdual  plates. 

"Count" 
per  cc. 

Average 
"counts." 

1 

B 
C 

1  :10 
1:10 

55           48         55 
70           50-55 

530 
580 

560 

2 
3 

4 

B 
C 
B 
C 
B 
C 

:  10000 
:  10000 
:  10000 
:  10000 
:  10000 
:  10000 

99           78         85 
95          85      Spr. 
97          85         86 
95          82         88 
85         103         78 
82         100         80 

873,000 
900,000 
893,000 
883,000 
887,000 
873,000 

884,000 

(Analyst  B) 
885,000 

(Analyst  C) 
Ave.  885,000 

5 
6 

7 

B 
C 
B 
C 
B 
C 

:  10000 
;  10000 
:  10000 
:  10000 
:  10000? 
:  10000? 

144  168        173 

145  160        162 
165         147        180 
160         148        175 

70           61         54 
68           72         63 

1,620,000 
1,560,000 
1,640,000 
1,610,000 
♦617,000 
♦677,000 

1,630,000 
(Analyst  B) 

1,580,000 
(Analyst  C) 

Ave.  1,605,000 

8 

9 

10 

B 
C 
B 
C 
B 
C 

:  100000 
:  100000 
:  100000 
:  100000 
;  100000 
:  100000 

42          34         28 
46           35         30 
41           35         42 
38           35         42 

32  34         33 

33  38         30 

3,470,000 
3,700,000 
3,930,000 
3,830,000 
3,300,000 
3,370,000 

3,570,000 
(Analyst  B) 

3,630,000 
(Analyst  C) 

Ave.  3,600,000 

*  Omitted  from  the  final  averages  as  it  is  probable  that  the  dilutions  were  incorreetly 
picpired. 

Ratio  1 :1.84  : 4.04  for  B's  counts.       Ave.  ratio  1  :1.72  :4.34. 
1 : 1.79  : 4.10  for  C's  counts. 
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Tabui  XXIV. —  Sbbixs  G.  Akaltbbs  of  Samplbs  of  Fbbsb  Milk  Xnoctjlatbd  with 

TBB  Colon  Obgamibic. 

Petri  platee  prepared  by  Analyst  C.    Counted  by  Analysts  C  and  E. 


Sample 
na 

• 

1 

< 

Dilution. 

No.  colonies  on  the 
individual  platea 

"Count" 
per  oc 

Average 
"counts." 

1 

C 
E 

C 
E 
C 
E 
C 
E 

C 

E 
C 

E 
C 
E 

C 
E 
C 

E 
C 
E 

1  :10 
1  :10 

105         110        100 
100           99        103 

1,050 
1,010 

1,030 

2 
8 

4 

1  :  10000 
1  :  10000 
1  :  10000 
1  :  10000 
1  ;  10000 
1  :  10000 

68           72         76 
59           73         79 
78           90         65 
71           87  Broken 
88           78         90 
85           81         91 

720,000 
703,000 
777,000 
790,000 
853,000 
860,000 

783,000 

(Analyst  C) 
784,000 

(Analyst  E) 
Ave.  784,000 

5 
6 
7 

1  :  10000 
1  :  10000 
1  :  10000 
1  :  10000 
1  :  10000 
1  :  10000 

145         155        155 
141          154        172 
155          152        135 
152         159        131 

135  152        140 

136  142        137 

1,520,000 
1,560,000 
1,470,000 
1,470,000 
1,420,000 
1,380,000 

1,470,000 

(Analyst  C) 
1,470,000 

(Analyst  E) 
Ave.  1,470,000 

8 

9 

10 

1  :  100000 
1  :  100000 
1  :  10000 
1  :  10000 
1  :  100000 
1  :  100000 

33           42         34 
35           45         33 

300         290       Spr. 

347         329        272 
45           41         45 
41           39         51 

3,630,000 
3,770,000 
2,950,000 
3,160,000 
4,370,000 
4,370,000 

3,650,000 

(Analyst  C) 
3,770,000 

(Analyst  E) 
Ave.  3,710,000 

Ratio  1  : 1.88  : 4.66  for  C's  counts.       Ave.  ratio  1  : 1.88  : 4.73. 
1  : 1.87  : 4.79  for  E's  counts. 
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Tajkm  XXV. —  Sebibs  C.  Analtbbs  of  Samples  of  Fbbsh  Milk  Inoculated  with 

THE  Ck>LON  ObQANISM. 

F^tri  plateB  prepared  by  Analyst  E.    Counted  by  Analysts  £  and  B. 


Sample 
na 

t 

Dilution. 

No.  colonies  on  the 
individual  plates. 

"Count" 
per  CO. 

Average 
"counts." 

1 

E 
B 

E 
B 
E 
B 
E 
B 

1  :10 
1:10 

57           68         62 
51           67         60 

620 
590 

605 

2 
3 
4 

:  10000 
:  10000 
:  10000 
:  10000 
:  10000 
:  10000 

82           68         87 
79           67         79 
82           69         80 
78           67         78 
68           76         84 
67           73         76 

790,000 
750,000 
770,000 
743,000 
760,000 
720,000 

771,000 

(Analyst  E) 
738,000 

(Analyst  B) 
Ave.  755,000 

5 
6 
7 

E 
B 
E 
B 
E 
B 

:  10000 
:  10000 
:  10000 
:  10000 
;  10000 
:  10000 

153         162       169 
152         160        166 
194         177        173 
187         173        171 
149         142        155 
146         141        149 

1,610,000 
1,590,000 
1,810,000 
1,770,000 
1,490,000 
1,450,000 

1,640,000 
(Analyst  E) 

1,600,000 
(Analyst  B) 

Ave.  1,620,000 

8 

9 

10 

E 
B 
£ 
B 

£ 
B 

:  10000 
: 10000 
: 100000 
; 100000 
: 100000 
:  100000 

386         391       373 

359         380       356 

32           34         41 

32           34         41 

26  46         40 

27  44         39 

3,830,000 
3,650,000 
3,600,000 
3,600,000 
3,700,000 
3,700,000 

3,710,000 
(Analyst  £) 

3,650,000 
(Analyst  B) 

Ave.  3,680,000 

Bfttio  1  : 2. 13  : 4.81  for  E's  counts. 
1  : 2.17  : 4.94  for  B's  counts. 


Ave.  ratio  1  : 2.15  : 4.87. 
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Tabu  XXVI. —  Sbbos  G.  Akaltub  or  Samplis  op  Fbhh  Milk  Inooulaud 

TBB  Colon  Oboaiiisii. 

Petri  plates  prepared  by  Analyst  F.    Counted  by  Analjrsts  F  and  H. 


Sample 
no. 

1 

Dilutbn. 

No.  colonies  on  the 
individual  plates. 

"Count" 
per  00. 

Average 
"oounf 

1 

F 
H 

F 
H 
F 
H 
F 
U 

F 
H 
F 
H 
F 
H 

1  :10 
1  :10 

45           56         54 
41           42         52 

520 
450 

485 

2 
3 

4 

:  10000 
:  10000 
:  10000 
:  10000 
;  10000 
:  10000 

82  84         83 
84           84         89 

103           77         81 
109           79         79 

83  76         75 
91           80         76 

830,000 
857,000 
870,000 
890,000 
780,000 
823,000 

827,000 

(Analyst  F) 
857,000 

(Analyst  H) 
Ave.  842,000 

5 
6 
7 

:  10000 
:  10000 
:  10000 
:  10000 
;  10000 
:  10000 

171         184       205 
163         162       175 
181         207       165 
145         176        134 
186         164        104 
166         143        161 

1,870,000 
1,670,000 
1,840,000 
1,520,000 
1,810,000 
1,570,000 

1,840,000 
(Analyst  F) 

1,500,000 
(Analyst  H) 

Ava  1,715,000 

8 

0 

10 

F 
F 
H 
H 
F 
F 
H 
H 
F 
F 
U 
H 

:  10000 
:  100000 
:  10000 
:  100000 
:  10000 
:  100000 
:  10000 
;  100000 
:  10000 
1 100000 
:  10000 
:  100000 

342         336       332 
40           55         44 

304         352       312 
42           54         60 

390         359       416 

30  39         36 
354         343       324 

31  39         33 
350         328       343 

39  23         31 
303         318       336 

40  19         33 

^4,000,000 
•4,210,000 

♦3,690,000 
♦3,420,000 

♦3,250,000 
♦3,130,000 

3,650,000 
(Analyst  F) 

3,590,000 
(Analyst  H) 

Ave.  3,620,000 

♦Averages  inolude  oounts  from  both  1  :  10000  and  1  :  100000  dHutiona. 

Ratio  1  :2.22  : 4.41  for  Fs  oounts.       Ave.  ratio  1 : 2.04: 4.30. 
1  :1.86  : 4 .  19  f or  H's  counts. 
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Tabu  XXyu. — Sbbdm  C.  Analtbbb  or  Samplbs  of  Fbhh  Milk  Inoculatkd 

WITH  THB  Colon  Oboaniskl 

F^tri  plates  prepared  by  Analyst  H.    Counted  by  Analysts  H  and  L 


Sample 

• 

Dilution. 

No.  colonies  on 

the 

"Count" 

Average 

DO. 

I 

individual  plates. 

per  oc. 

"count" 

1 

H 

1  :10 

60 

49 

61 

667 

li 

1:10 

61 

46 

62 

563 

564 

2 

H 

1  :  10000 

65 

81 

68 

713,000 

803,000 

(Analyst  U) 
857,000 

(Analyst  I) 
Ave.  830,000 

3 

I 

H 

1:10000 
1:10000 

72 

98 

89 
86 

68 
58 

763,000 
807,000 

I 

1  :  10000 

105 

89 

67 

870,000 

4 

H 

I 

1  : 10000 
1:10000 

66 
73. 

106 
112 

93 
96 

890,000 
937,000 

5 

H 

1  :  10000 

178 

137 

149 

1,550,000 

1,600,000 

(Analyst  H) 
1,620,000 

(Analyst  I) 
Ave.  1,610,000 

I 

1  :  10000 

168 

146 

146 

1,530,000 

6 

H 

1:10000 

181 

161 

181 

1,740,000 

7 

I 

H 

I 

1:10000 
1:10000 
1:10000 

177 
151 
150 

173 
157 
159 

190 
145 
150 

1,800,000 
1,510,000 
1,530,000 

8 

H 

1:10000 

289 

Spr. 

322 

H 

1:100000 

30 

38 

39 

♦3,360,000 

I 

1:10000 

337 

361 

349 

♦3,580,000 

I 

1  :  100000 

29 

39 

42 

9 

H 

1:10000 

347 

317 

350 

3,300,000 

H 

1:100000 

37 

34 

30 

♦3,370,000 

(Analyst  H) 

I 

1:10000 

360 

325 

344 

♦3,360,000 

3,380,000 

I 

1:100000 

37 

34 

28 

(Analyst  I) 
Ave.  3,M),000 

10 

H 

1:100000 

299 

817 

327 

H 

1:100000 

41 

28 

26 

♦3,160,000 

I 

1:10000 

314 

329 

328 

♦3,200,000 

I 

1:100000 

39 

32 

24 

♦Averages  Include  counts  from  both  1 :  10000  and  1  :  100000  dflutions. 

Batiol  :  1.99: 4. 11  for  H's  counts.       Ave.  mtio  1 : 1.94  : 4.02. 
1 : 1.89  : 8.94  for  I's  eoonts. 
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Tabub  julyiu. —  SsBna  C.  Analysis  or  Sampum  or  Feuh  Milk  IirocxTLAno 

WITH  THi  Colon  Oboanibk. 

Petri  plates  prepared  by  Analyst  I.    Counted  by  AnalystB  I  and  F. 


Sample 
no. 

1 

< 

I 

F 

DQution. 

No.  colonies  on  the 
individual  plates. 

"Count" 
peroc. 

Average 
"count" 

1 

1  :10 
1  .10 

48           40         51 
40           53         50 

403 
500 

496 

2 
3 

4 

I 
F 
I 
F 

II 

F 

:  10000 
:  10000 
:  10000 
:  10000 
:  10000 
:  10000 

04         100         76 
71           80         78 
76          94         81 
60           02         82 
83           00         71 
85          01         66 

000,000 
703,000 
836,000 
810,000 
813,000 
806,000 

850,000 

(Analyst  I) 
803,000 

(Analyst  F) 
Ave.  827,000 

5 
6 

7 

li 
F 

? 

F 

:  10000 
:  10000 
:  10000 
:  10000 
:  10000 
;  10000 

147         156       173 
147         140       166 
150         207       171 

150  185       158 

151  103       101 
140         101        161 

1,590,000 
1,540,000 
1,700,000 
1,640,000 
1,780,000 
1,070,000 

1,720,000 
(Analyst  I) 

1,620,000 
(Analyst  F) 

Ave.  1,670,000 

8 

0 

10 

I 
I 
F 
F 
I 
I 
F 
F 
I 
I 
F 
F 

10000 
lOOOOJ 

.10000 
100000 
10000 
100000 
10000 
100000 

.10000 
100000 

:  10000 

:  100000 

360         412       340 

38           37         35 
337         374       336 

41           30         35 
406         402       420 

45          42         47 
484         446      Spr. 

44           44      Spr. 
205        311       m 

44           33         36 
276         308       317 

43           33         30 

•3,700,000 
•3,660,000 

•4,600,000 
•4,520,000 

•3,430,000 
•3,420,000 

3,010,000 
(Analyst  I) 

3,870,000 
(Analyst  F) 

Ave.  3,890,000 

•Averages  include  counts  from  both  1  :  10000  and  1  :  100000  dilutions. 

Ratio  1  :  2.02  : 4.60  for  Va  counts.       Ave.  ratio  1  : 2.02  : 4.71. 
1  : 2.02  : 4.82 for  F's counts. 
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The  inoculated  milk  gave  higher  "counts"  than  before,  the  final 
average  plate  "count"  from  Samples  Nos.  2,  3,  and  4  being  821,000 
per  cc.  as  contrasted  with  346,000  per  cc.  for  the  similar  group  of 
samples  from  Series  B.  With  the  single  exception  of  the  "count" 
obtained  by  Analyst  B  for  Sample  No.  7  (see  Table  XXIII),  the 
plate  "counts"  are  in  close  agreement.  In  the  instance  mentioned, 
the  number  of  colonies  which  developed  on  the  plates  was  much 
less  than  developed  on  the  plates  made  from  the  duplicate  samples 
by  the  same  analyst,  and  likewise  fewer  than  the  number  which 
developed  on  the  plates  made  by  the  other  analysts.  As  the  dupli- 
cate plates  from  tiiis  one  irregular  sample  agreed  with  each  other, 
it  was  concluded  that  Ajialyst  B  had  madvertently  used  a  99  cc. 
water  blank  in  place  of  a  9  cc.  blank  in  preparing  the  original  dilu- 
tions. If  no  other  results  had  been  at  hand  for  comparison,  the  error 
would  have  remained  undetected. 

Only  minor  and  insignificant  differences  appeared  in  the  recounts 
of  colonies  from  the  agar  plates. 

The  tendency  of  the  Geneva  analysts  to  return  a  majority  of  the 
counts  which  were  below  the  average  was  practicallv  eliminated,  as 
they  returned  but  15  out  of  a  possible  26  counts  wnich  were  lower 
than  the  average  (see  summary  of  Table  No.  XLI).  On  the  other 
handy  the  Ithaca  analysts  returned  12  out  of  a  possible  27  counts 
which  were  lower  than  the  average.  This  improved  condition  was 
probably  associated  with  the  rinsing  of  the  one  mark  pipettes  and 
the  greater  care  taken  in  securing  accurate  measurements  in  making 
the  dilutions. 

The  final  average  ratio  between  the  plate  "counts"  was  1: 1.97:4.43. 
This  is  neither  decidedly  better  nor  worse  than  the  similar 
ratio  of  1:1.85:4.00  obtained  in  Series  B.  The  differences  between 
the  observed  and  expected  ratios  are  small  in  both  cases.  Even  the 
ratios  as  computed  for  the  individual  analysts  (see  foot  of  Tables 
XXni-XXVIII)  are  free  from  gross  discrepancies.  All  agreed  in 
reporting  that  Samples  Nos.  8,  9,  and  10  contained  more  than  four 
times  the  number  of  organisms  found  in  Samples  Nos.  2,  3,  and  4, 
mftlring  it  probable  that  this  was  actually  the  case.  In  every  instance, 
the  ratio  between  the  "counts"  for  Samples  Nos,  2,  3,  and  4  and  for 
Samples  Nos.  5,  6,  and  7  was  very  close  to  the  expected  ratio  of  1:2. 

As  before,  the  maximum  and  minimum  "counts"  have  been 
collect^  in  a  separate  table  (Table  XLIII).  A  mere  inspection  of 
these  in  comparison  with  the  similar  results  from  Series  B  (Table 
XXI)  shows  the  results  from  Series  C  to  be  even  more  regular  than 
those  previously  obtained.  This  fact  becomes  more  evident  from 
the  computed  standard  deviations  and  their  corresponding  coefficients 
of  variability  which  are  recorded  in  Table  XLII.  From  this  table, 
it  wiU  be  seen  that  the  coefficient  of  variation  for  both  the  first  and 
second  groups  of  samples  in  Series  C  was  only  7.1.    The  similar 
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value  for  the  third  group  was  10.6,  making  an  average  coefficient 
of  variability  of  only  8.3.  This  is  even  better  than  the  average 
of  11.1  obtained  in  Series  B,  and  indicates  that  the  improved  tech- 
nique and  experience  of  the  anal3^ts  resulted  in  "counts"  which 
were  even  more  regular  and,  therefore,  presumably  more  accurate 
than  before. 

b.  MICROSCOPIC  COUKTS 

However,  the  most  striking  change  in  the  character  of  the  "counts" 
obtained  from  Series  C,  as  contrasted  with  Series  B,  occurred  in  the 
microscopic  "counts."  As  before,  both  group  and  individual 
"counts"  were  made.  These  are  given  in  detail  in  Tables  XXIX 
to  XL. 

Slides  were  prepared  in  duplicate  from  each  sample,  and  all  were 
recounted  by  a  second  analyst.  As  the  slides  were  exchanged 
between  the  laboratories,  they  were  in  each  case  recounted  by  an 
analyst  from  the  laboratoiy  different  from  that  in  which  the  dides 
were  made.  All  analysts  standardized  their  microscopes,  and  used 
a  special  ocular  micrometer  as  already  described,  so  that  each  exam- 
ined the  central  portion  of  the  field  only,  and  each  examined  1/600,000 
cc.  of  dried  milk  per  field.  A  complete  record  was  kept  of  the  sise 
of  all  groups  seen. 

The  effect  of  the  greater  care  taken  in  making  the  "counts,"  and 
in  the  increased  skill  gained  thru  the  experience  of  the  previous 
series  is  seen  in  Table  XLI,  where  the  average  "counts"  are  sum- 
marized. Even  a  cursorv  examination  will  show  that  these  results 
harmonize  mudi  more  closely  than  before,  and  that  variations  in 
count  from  the  same  samples  as  great  as  100  per  cent  are  practically 
absent.  This  is  marked  improvement  over  the  results  from  Series  B 
as  given  in  Table  XIX. 

Moreover,  a  study  of  the  detailed  records  given  in  Tables  XXIX 
to  XL  indicates  that  the  less  experienced  men  returned  "counts" 
which  bear  evidence  on  their  face  of  a  greater  accuracy  than  those 
returned  by  the  same  men  from  Series  B.  None  of  the  men,  for 
example,  found  more  than  an  occasional  bacterium  or  pair  of  bacteria 
in  the  high  grade  fresh  milk  used  in  Sample  No.  1,  whereas,  in  the 
previous  series,  the  inexperienced  men  did  not  scrutinize  the  objects 
which  they  found  in  Sample  No.  1  closely  enough,  and  evidently 
recorded  and  counted  objects  as  bacteria  which  were  not  bacteria. 

On  the  other  hand,  in  the  samples  of  inoculated  milk  where  the 
bacteria  were  numerous,  the  less  experienced  men  still  showed  a 
tendency  to  report  fewer  bacteria  than  did  the  experienced  men  who 
examined  the  identical  slides.  This  effect  is  particularly  noticeable 
in  the  "counts"  made  by  the  analyst  (H)  who  had  had  the  least 
experience  in  microscopic  counting.  That  this  effect  is  chargeable 
to  inexperience  and  not  to  carelessness  is  shown  by  the  fact  that  liie 
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plate  "counts"  returned  by  the  men  who  made  the  irregular  micnv 
soopic  "counts"  are  as  r^ular,  and  presumably  as  accurate,  as  any 
that  were  made.  The  difficulties  which  the  inexperienced  men  met 
were  similar,  in  a  general  way,  to  those  with  which  every  analyst 
meets  who  undertaJces  to  maJce  agar  plate  "counts"  for  the  first 
time;  as,  for  instance,  failure  to  record  essential  data,  failure  to 
appreciate  which  steps  in  the  technique  must  be  carried  out  with 
precision,  and  which  may  be  modified  without  affecting  results,  and 
the  like. 

An  examination  of  the  ratios,  as  given  at  the  bottom  of  Tables 
XXIX  to  XL,  shows  that  all  of  tne  analysts  (with  the  single  exception 
of  Analyst  H,  see  Table  XXXII)  obtained  ratios  whim  agree  well 
wiUi  the  expected  ratio  of  1:2:4.  A  marked  improvement  was 
flhown  in  these  over  the  similar  ratios  from  Series  B.  The  final 
average  ratios  obtained  were  1:1.95:4.11  for  the  group  "counts" 
and  1:1.97:4.12  for  the  individual  "counts."  These  are  almost 
identical  with  the  expected  ratios,  and  are  even  more  nearly  pa*fect 
than  tiie  similar  ratios  from  the  plate  "counts." 

In  order  that  the  differences  in  "coimts"  may  be  studied  more 
readily,  the  maximum  and  minimum  "counts"  returned  by  .all  (rf 
the  analysts  are  given  in  Table  XLIII,  while  those  returned  by  the 
two  analysts  who  had  the  greatest  amount  of  experience  in  micro- 
scopic counting  are  given  in  Table  XLIV.  From  these  it  becomes 
evident  that  the  greater  number  of  the  maximmn  "coimts"  from 
the  inoculated  samples  (10  out  of  a  possible  16)  were  returned  by  ihe 
two  experienced  analysts.  On  the  other  hand,  all  of  the  minimum 
"counts"  were  retiimed  by  the  single  analyst  (H)  who  was  least 
experienced  in  this  technique. 

In  Series  C,  as  in  Series  B,  the  maximum  "counts"  reported  by 
the  experienced  men  for  any  sample  numbered  2,  3,  or  4,  never 
exceeded  tJie  minimum  "counts"  which  they  reported  for  any  sample 
numbered  5,  6,  or  7.  Likewise,  the  "counts"  reported  by  these  men 
for  any  sample  numbered  5,  6,  or  7  never  exceeded  the  minimum 
"count"  reported  for  any  sample  numbered  8,  9,  or  10.  The  less 
experienced  men  were  not  as  fortunate  in  this  respect,  and  there  is 
a  constant  overlapping  of  the  "counts"  in  such  a  way  as  to  show 
that  some  of  them  must  have  been  quite  inaccurate. 

The  greater  regularity  of  these  microscopic  "counts"  as  con- 
trasted  with  those  of  Series  B  is  brought  out  by  a  comparison  of  the 
coefficients  of  variability  as  recorded  for  Series  C  in  Table  XLI  and 
for  Series  B  in  Table  XX.  All  of  the  coefficients  of  variability  are 
lesB  for  Series  C  than  those  for  Series  B,  and  in  several  instances 
indicate  less  variation  of  the  microscopic  "counts"  from  the  mean 
than  were  observed  in  the  plate  "counts"  of  Series  B.  The  average 
coefficient  of  variability  for  the  group  "counts"  of  Series  C  is  11. 7, 
whfle  that  for  the  individual  "counts"  is  13.4.  These  averages 
are  decidedly  better  than  the  similar  averages  of  24.1,  and  28.3  Tor 
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Series  B.  This  improvement  is  undoubtedly  to  be  charged  to  the 
greater  skill  of  the  analysts  gained  thru  their  experience  in  the 
work  of  the  previous  series,  and  to  the  improved  technique. 

0.  cx)mparison  between  the  plate  and  microscopic  counts 

When  the  "counts"  of  Series  C  as  made  by  the  two  different 
methods  are  compared,  the  unique  character  of  the  results  at  once 
becomes  evident.  As  already  indicated,  they  meet  the  checks  and 
counterchecks  made  upon  their  accuracy  thus  far  discussed  even 
more  perfectly  than  those  of  Series  B. 

They  likewise  very  perfectly  meet  the  test  of  comparison  with 
each  other,  which  is  very  severe  in  this  case  as  the  average  numb^ 
of  individuals  per  group  (1.45)  was  even  less  than  before.  However, 
in  spite  of  this,  every  one  of  the  final  average  plate  "coimts"  as 
recorded  in  Table  XLI  are  intermediate  in  size  between  the  group 
and  individual  "counts."  Even  when  the  averages  as  returned  by 
the  individual  men  are  examined,  it  will  be  seen  that  only  three  of 
the  group  "counts"  out  of  a  possible  54  are  larger  than  the  corre- 
sponding plate  "counts,"  while  only  ten  of  the  individual  "coimts" 
out  of  a  possible  54  are  smaller  than  the  corresponding  plate 
"counts"  from  the  same  samples.  Moreover,  eight  of  these  were 
made  by  the  one  analjrst  (H)  who,  as  already  explained,  evidently 
returned  microscopic  counts  which  were  lower  than  they  should 
have  been. 

Thus  it  becomes  practically  a  certainty  that  there  cannot  be  a 
large  error  in  the  final  average  figures,  and  that  they  actually  show, 
in  the  one  case,  the  number  of  groups  originally  present  in  the  milk; 
in  the  second  case,  the  number  of  centers  of  growth  which  existed 
after  the  partial  disintegration  of  the  clumps  in  the  dilution  waters; 
and,  in  the  third  case,  the  actual  number  of  individual  bacteria 
present. 

Computation,  based  on  the  final  average  figures  given  in  Table 
XLI,  shows  that,  as  in  Series  B,  the  clumps  were  only  partially 
broken  apart  in  making  the  agar  plates.  Thus,  whereas  the  average 
group  of  organisms  in  Samples  Nos.  2,  3,  and  4  .contained  1.47 
individuals  in  the  milk  itself,  the  groups  in  the  final  dilutions  used 
in  making  the  plates  contained  1.24  individuals.  Likewise,  whereas 
the  original  groups  in  the  milk  in  Samples  Nos.  5,  6,  and  7  contained 
1.48  individuals,  the  groups  in  the  final  dilution  water  contained  1.25 
individuals.  In  the  third  group  of  samples  (8,  9,  and  10),  the  average 
group  in  the  milk  itself  contained  1.49  individuals,  whereas  the 
average  group  in  the  final  dilution  waters  was  reduced  to  1.16  indi- 
vidual. Thus,  even  under  these  very  favorable  conditions,  the  agar 
plate  "counts"  only  approximate  the  number  of  bacteria  present. 
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Table  XU. —  Sasns  C.    SuMiiABT  or  Plate  and  MicBOsoono  "Countb.'' 


s 

CO 


2-4 


BB 

BC 

CC 

CE 

EE 

EB 

FF 

FH 

HH 

HI 

II 

IP 


Plate 
"count." 


Com- 
bined 
ayerage4 


623 


886,000 
784,000 
755,000 
842,000 
830,000 
827,000 


Final  ave.~-    821,000 


5-7 


BB 

BC 

CC 

CE 

EE 

EB 

FF 

FH 

HH 

HI 

II 

IF 


1,605,000 
1,470,000 
1,620,000 
1,715,000 
1,610,000 
1,670,000 


Final  ave.—  1,615,000 


8-10 


BB 

BC 

CC 

CE 

EE 

EB 

FF 

FH 

HH 

HI 

II 

IF 


3,600,000 
3,710,000 
3,680,000 
3,620,000 
3,340,000 
3,890,000 


Final  ave.—  3,640,000 


I 


BB 

BH 

AA 

AI 

EE 

EF 

FF 

FE 

HH 

HB 

II 

lA 


BB 

BH 

AA 

AI 

EE 

EF 

FF 

FE 

HH 

HB 

II 

lA 


BB 

BH 

AA 

AI 

EE 

EF 

FF 

FE 

HH 

HB 

II 

lA 


Group  "count." 


Average 
foreadi 
analyst 


§868,000 
318,000 
721,000 
650,000 
783,000 
566,000 
781,000 
728,000 
451,000 
910,000 
752,000 
804,000 


Com- 
bined 
average. 


5,500 


503,000 
685,000 
674,000 
754,000 
680,000 
778,000 


604,000 


$1,564,000 
506,000 
1,442,000 
1,310,000 
1,519,000 
1,217,000 
1,414,000 
1,550,000 
864,000 
1,802,000 
1,458,000 
1,620,000 


1,035,000 
1,376,000 
1,368,000 
1,482,000 
1,333,000 
1,539,000 


1,356,000 


$3,443,000 
1,901,000 
2,758,000 
2,806,000 
3,148,000 
2,747,000 
2,550,000 
2,630,000 
1,750,000 
3,794,000 
3,198,000 
3,496,000 


2,672,000 
2,783,000 
2,947,000 
2,595,000 
2,772,000 
3,347,000 


2,853,000 


Individual  "count." 


Average 
for  eadi 
analyst. 


$1,187,000 

439,000 
1,150,000 

906,000 
1,297,000 

853,000 
1,135,000 
1,184,000 

642,000 
1,227,000 
1,072,000 
1,163,000 


Com- 
bined 
average. 


7,250 


813,000 
1,028,000 
1,075,000 
1,160,000 

935,000 
1,117,000 


1,021,000 


$2,238,000 
747,000 
2,230,000 
1,854,000 
2,468,000 
1,837,000 
2,153,000 
2,543,000 
1,275,000 
2,336,000 
2,079,000 
2,400,000 


1,493,000 
2,042,000 
2,152,000 
2,348,000 
1,806,000 
2,240,000 


2,014,000 


$4,796,000 
2,928,000 
4,367,000 
4,016,000 
5,086,000 
4,102,000 
3,583,000 
4,285,000 
2,781,000 
5,010,000 
4,408,000 
5,134,000 


3,862,000 
4,191,000 
4,594,000 
3,934,000 
3,895,000 
4,771,000 


4,208,000 


•  Dstdled  xwults  for  Sunpte  1  are  siven  in  Table  LXV,  page  22^ 
t  The  fint  analyst  named  made  Um  plates  or  slides,  the  second  counted  them. 
1  The  individttal  avenifee  will  be  foimd  in  Tables  XXIII  to  XXVIU. 

lAMtH  ana^ts  examined  1  ou.  mm.  of  milk  in  making  theae  "counts,**  the  exact  number  of 
croupa,  or  ol  bacteria  seen  is  obtained  by  dividing  Una  figure  by  lOOa 
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Tablb  XUL—  Ssbies  C.    Summabt  of  Tabub  XU. 


d 

Platb  "count." 

Oboup  "coukt." 

Individual  "count." 

K 

Final 
averages. 

Stand- 
ard 

devia- 
tion. 

Co- 
effi- 
cient 
varia- 
tion. 

Final 
averages. 

Stand- 
ard 

devia- 
tion. 

Co- 
effi- 
cient 
varia- 
tion. 

Final 
averages. 

Stand- 
ard 

devia- 
tion. 

Go- 
effi- 
cient 
varia- 

tiOB. 

2-4 
5-7 
8-10 

821,000 
1,615,000 
3,640,000 

58,200 
115,000 
385,000 

7.1 

7.1 

10.6 

694,000 
1,356,000 
2,853,000 

69,000 
204,000 
286,000 

10.01,021,000 
15.02,014,000 
10.14,208,000 

127,000 
347,000 
441,000 

12.5 

17.3 
10.5 

Ave.. 

8.3 

11.7 

13.4 

Ratio  1 

:1.97:4. 
1.00 -.2. 

43 
25 

Ratio  1 

:1. 95:4. 11 
1.00 -.2. 10 

Ratio  1:1.97:4.12 
1.002.09 

Average  number  of  bacteria  per  group  —  1 .48  individuals. 


Tablb  XLIII. —  Sbbibs  C.  MAznnTif  and  Minimum  Platb  and  Micboscopic 

"Counts." 


Sample 
no. 

Plate  "counts." 

Group  "counts." 

Individual  "counts." 

Total 

no. 

"  cmmts." 

Mini- 
mum. 

Max!- 
mum. 

Mini- 
mum. 

Maxi- 
mum. 

Mini- 
mum. 

Maxi- 
mum. 

1 

2A 

5-7 

8-10 

450 

493 

703,000 
713,000 
1,380,000 
1,420,000 
2,950,000 
3,130,000 

1,150 

1,010 

937,000 
900,000 
1,870,000 
1^840,000 
4,600,000 
4,520,000 

Less  than 

3,000 

Less  than 

3,000 

252,000 

327,000 

435,000 

531,000 

1,632,000 

1,635,000 

27,000 

9,000 

930,000 
927,000 
2,295,000 
1,728,000 
3,900,000 
3,816,000 

Less  than 

3,000 

Less  than 

3,000 

354,000 

468,000 

663,000 

786,000 

2,463,000 

2,556,000 

30,000 

15,000 

1,326,000 
1,302,000 
3,033,000 
2,724,000 
5,268,000 
5,232,000 

12 

36 
36 

36 
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Tablb  XLIV. —  SxBn»  C.  MAzncuif  and    Mnmnni    Micboscofic  "CoOMTi'' 
Obtainbd  bt  thb  Analtbtb  Expbbuncbd  in  tbib  Tbchniqus. 


Sample 
no. 

Group  "counts." 

Individual  "counts." 

Total 

Minimum. 

Maximum. 

Minimum. 

Maximum. 

no. 
"counts." 

1 

Less  than 
3,000 

3,000 
684,000 
723,000 
1,404,000 
1,449,000 
2,670,000 
2,787,000 

9,000 

6,000 
930,000 
927,000 
2,295,000 
1,728,000 
3,900,000 
3,816,000 

Less  than 
3,000 
3,000 
1,086,000 
1,101,000 
1,986,000 
1,989,000 
4,281,000 
4,401,000 

15,000 

12,000 
1,281,000 
1,260,000 
3,033,000 
2,583,000 
5,232,000 
5,226,000 

4 

2-4 

13 

6-7 

12 

8-10 

12 

SERIES  A.— MISCELLANEOUS  SAMPLES  OF  MILK 

As  explained  previously  (page  151),  this  series  of  analyses  was 
the  first  one  made,  but  it  is  discussed  last  as  the  results  secured  are 
in  part  explained  by  the  results  secured  in  Series  B  and  C.  Twenty 
samples  were  used  for  the  analyses  in  Series  A  which  were  prepared 
in  four  lots  of  five  each.  Samples  Nos.  1  to  5,  and  Nos.  11  to  15 
were  prepared  and  distributed  from  the  Geneva  laboratory,  while 
Samples  Nos.  6  to  10,  and  16  to  20  were  prepared  and  distributed 
from  Ithaca.  For  convenience  in  comparison,  the  "count"  from  the 
similar  samples  (No.  1  in  Series  B,  and  No.  1  in  Series  C)  have  been 
letabulated  and  included  in  this  series  (see  Tables  LXVI  and  LXV). 

Samples  Nos.  1  to  5  were  prepared  from  high  grade  fresh  herd 
milk  which  had  been  refrigerated  at  50*^  F.  from  15  to  51  hours. 
Samples  Nos.  6  to  10  were  from  Ithaca  market  milk  which  had  been 
kept  on  ice  for  24  hoiu^  previous  to  the  preparation  of  the  samples. 
Samples  Nos.  11  to  15  were  either  specially  prepared  by  inoculating 
a  high  grade  fresh  milk  with  a  definite  organism  or  were  selected  or 
so  ladled  as  to  have  a  more  or  less  definite  and  controlled  flora. 
Samples  Nos.  16  to  20  were  similar  to  Samples  Nos.  6  to  10,  and  were 
handled  in  a  similar  way.  The  samples  from  Series  B  and  C  were  from 
the  milk  of  one  cow,  known  to  show  low  counts,  which  was  drawn  into 
a  small  top  steriUzed  pail.    All  samples  were  of  unpasteurized  milk. 

As  the  samples  used  were  miscellaneous  in  character,  the  results 
obtained  have  been  tabulated  separately  for  each  sample.  Thru  a 
misunderstanding  in  regaxd  to  the  labeling,  only  four  or  five  of  the 
seven  uialysts  who  participated  in  the  work  analyzed  any  one  of 
the  samples  in  the  first  group.  But,  because  one  or  two  men  ana- 
lyzed duplicate  samples  eight  analyses  are  usually  given.  As  Sample 
No.  3  was  a  duplicate  of  Sample  No.  5,  the  results  of  both  are  com- 
bined in  Table  XLVII. 


206  Report  op  the  Dbpabtment  op  Bacteriology  op  the 


Table  XLV. —  Sbbiss  A,  Sample  no.  1.    Genbya  Station  Herd  Milk  which 

HAD  BBBN  RjBFBIOERATBD  AT  50°   F.   FOR  15  HOUBS. 


Analyst. 

Plate 
"count" 

1 

Group 
"count." 

Individual 
"count" 

Notes. 

B*-B* 

B-D 

c-ct 

0-B 

D-D 

D-C 

G-G 

G-E 

9,300 
17,000 

2,300 
2,400 

10,600 
9,600 

11,800 
9,700 

13,200 
10,600 

14,500 
13,600 

11,500 
10,000 

13,200 
10,600 

9,000 
33,000 

6,000 
12,000 

9,000 
12,000 

35,000 
35,000 
25,000 
5,000 
25,000 

123,000 
114,000 

6,000 
87,000 

15,000 
21,000 

625,000 

The  onlv  clumps  of  bacteria  re- 
portea  from  the  mlcrosoopic 
slides  which  included  10  or  more 
individuals  were  three  clumps 
of  10,  12,  and  36  individuals 
respectively  reported  by  Ana- 
lyst B;  and  one  olump  of  15 
individuals  reported  by  Analyst 
D.  Analyst  G  also  must  have 
seen  groups  which  were  as  large 
as  these. 

G-G 

G-E 

60,000 

The  average  group  oontainfld  5.5 
individuals. 

G-G 

G-E 

42,000 

G-O 

G-E 

7,000 

G-G 

G-E 

35,000 

Averages . .  . 

10,600 

18,700 

103,000 

*  The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  The  second 
analyst  named  counted  the  agar  plates  and  stides. 

t  In  this  instance  the  agar  plates  were  made  and  counted  by  Analyst  G,  while  the 
mioroscopic  slides  were  mtde  and  counted  by  Analyst  A. 
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Table  XLVI. —  Sibies  A,  Sauplb  no.  2.    Qsnbva  Station  Hsbd  Milk  which 

HAD  BEEN  IIeFBIGERATED  AT  50°  F.  FOB  27  HoUBa. 


Analyst. 


B-D.. 


0-Ct. 
C-B., 


D-D. 
D-C. 


I-I. 
I-F. 


M. 
I-F. 


I-I. 
I-F. 

I-I. 
I-F. 


I-I. 
I-F. 


Averages 


f 


Plate 
"count." 


7,000 
7,000 

8,000 
9,000 

8,000 
6,000 

13,000 
16,000 

13,000 
13,000 

12,000 
10,000 

11,000 
9,000 

13,000 
11,000 


10,400 


Group 
"count." 


27,000 
57,000 

21,000 
6,000 

6,000 
3,000 

25,000 


3,000 

8,000 
11,000 


49,000 


19,600 


Individual 
"count." 


84,000 
288,000 

39,000 
123,000 

306,000 
6,000 

47,000 


3,000 
11,000 
22,000 


85,000 


92,000 


Notes. 


The  only  chimpe  of  bacteria 
ported  from  the  microscopic 
slides  which  included  10  or  more 
individuals  were  two  dumps  of 
40  and  100  individuals,  respect- 
ively, reported  by  Analyst  D; 
and  two  clumps  reported  by 
Analyst  B,  which  together 
included  60  individuals. 

The  average  group  contained  4.7 
individuals. 


*  The  first  analyst  named  nuule  the  agar  plates  and  microscopic  slides.  The  second 
audyst  named  counted  the  agar  plates  and  slides. 

t  In  this  instance  the  agar  plates  were  made  and  counted  by  Analjrst  C,  while  the 
mieniaoc^ie  slides  were  made  and  counted  by  Analyst  A. 
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Tablb  XLVn. —  SsBixs  A,  Samples  nos.  3  and  5.    Gbnsva  Station  Embed  Milk 

WHICH  HAD  BBIIN  ReFBIGBBATBD  AT  50**  F.  TOB  39  HOUBS. 


Analyst. 

PUte 
"count." 

Group 
"count" 

Individual 
"count." 

Notes. 

B*-B*... 
B-D 

B-B 

B-D 

O— CT. . . . 
0-B 

5,100 
4,700 

5,000 
7,000 

6,000 
7,600 

3,000 
21,000 

liPiffi  than  3,000 
3,000 

6,000 
Less  than  3,000 

9,000 
114,000 

Less  than  3,000 
6,000 

6,000 
Less  than  3,000 

The  only  dumps  of  bac- 
teria reported  from 
the  microscopic  slides 
which  inchided  10  or 

two  clumps  of  10  and 
12  individuals  re- 
ported by  Analyst  D. 

0-Ct. . . . 

0-B 

6,900 
7,400 

3,000 
Less  than  3,000 

3,000 
Less  than  3,000 

The  average  gnmp  con- 
tained 3.0  individuals. 

D-D 

D-0 

D-D 

D-0 

E-E 

B-G 

5,800 
4,300 

4,400 
4,100 

6,500 
5,500 

6,900 
5,600 

6,000 
Less  than  3,000 

3,000 
6,000 

4,900 

9,000 
Less  than  3,000 

6,000 
18,000 

15,000 

Samples  3  and  5,  as  f ur- 
nished  to  the  analysts, 
were  duplicates.  As 
the  reported  counts 
were  almost  identical 
in  all  cases  they  are 
tabulated  togethor. 

E-E 

B-G 

9,800 

20,000 

B-E 

B-Q 

7,600 
6,900 

9,800 

20,000 

B-B 

B-G 

6,400 
5,300 

Less  than  4,900 

Less  than  4,900 

B-E 

B-Q 

6,600 
6,400 

9,800 

29,000 

Avenges . 

6,000 

5,000 

15,000 

*  The  first  analyst  named  made  the  agar  plates  and  the  microscopic  slides.  The 
second  analyst  iiamed  counted  the  agar  plates  and  slides. 

t  In  these  instances,  the  agar  plates  were  made  and  counted  by  Analyst  O,  while  the 
mksroscopio  slides  were  made  and  counted  by  Analjrst  A. 
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Table  XLVll. —  Sbbikb  A,  Saicplb  no.  4.    Gbnbva  SrATioif  Hbbd  Milk  which 

HAD  BBSN  RBnUQBRATBD  AT  50**  F.  VOB  51  HOUBS. 


Anatyst 

I^te 
"count." 

Group 
"count" 

Individual 
"count" 

Notes. 

B*-B* 

B-B 

F-P 

F-I 

30,000 
30,000 

2,300} 
3,600:; 

3,600} 
3,150} 

3,100} 
3,700} 

3,200:; 
3,300} 

3,300} 
4,100} 

66,000 
87,000 

31,000 
28,000 

24,000 
105,000 

38,000 
120,000 

36,000 

8,500 

1,800 

24,000 
24,000 

21,000 
51,000 

63,000 
528,000 

07,000 

The  onlv  olumpe  of  bacteria  re- 
ported from  the  microaoopic 
elides  which  included  lOor  more 
individuals  were  nine  clumps  of 
10,  10.  10,  10.  14.  18.  21.  82. 

P-F. 

P-L 

230,000 

and  35  individuals,  respect- 
ively, repOTted  by  Analjrst  B; 
one  dump  of  12  individuals 

P-P 

P-I 

77,000 

repeated  by  Analyst  A;  and 
several  groups  of  this  sise  seen 
and  counted  by  Analyst  F. 

F-F 

P-I 

29,000 

The  average  group  contained  3Ji 
individuals. 

F-P 

F-I 

3,600 

Cf-Ct 

C-D 

I>-D 

D-B 

117,000 
111,000 

45,000 
285,000 

AWBgM.  .  . 

45,000 

41,000 

145,000 

*  The  first  analyst  named  made  the  agar  plates  and  the  microsoopie  slides.  The 
ieeood  analyst  named  counted  the  agar  ^tes  and  the  slides. 

t  In  this  instance  the  agar  plates  were  made  and  counted  by  Analyst  C,  while  the 
auerosoe^ic  'slides  were  niade  and  counted  by  Analyst  A. 

}  These  low  "counts"  were  made  from  a  whey-agar.  As  this  did  not  prove  a 
faYDfabk  medium  for  growing  the  bacteria  present,  ue  "counts"  while  consistent 
with  each  other  are  far  less  than  the  "counts"  made  mm  ordinaiyactf  and  are,  there- 
fore, not  incladed  in  the  average. 
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Table  XLIX.—  Sbbibs  A,  Samfli  ho.  6.    Ictaca  Mabkbt  Miuk  Kmrr  an  Icb 

24  HouBs. 


Analyst 

Plate 
"count." 

Group 
"count." 

Individual 
"count" 

Notes. 

F*-F* 

? 

1,090,000{ 

5,57O,000t 

The  clumps  of  bacteria  reported 

F-I 

? 

from  the  microsoopic  slides  which 
included  more  than  10  individuals 

B-B 

24,000 

18,000 

105,000 

were  one  clump  of  115  individuals 

B-C 

33,000 

24,000 

384,000 

reported  by  Analyst  A,  three 
clumps  containmg  16,  68.  and  10 

c-ct 

08,000 

36,000 

81.003 

individuals,  respectively,  reported 

0-B 

96,000 

12,000 

48,000 

by  Analyst  B,  three  clumps  con- 

taining 1 1 .  25,  and  50  individuals, 

D-D 

? 

15,000 

123,000 

respectively,  reported  by  Analyst 

D-B 

? 

9,000 

21,000 

D,  and  three  clumps  containing 
12, 20,  and  16  individuals,  respect- 

G-O  

104,000 

107,000 

440,000 

ively,  reported  by  Analyst  G. 

G-E 

120,000 

Neither  Analysts  F  nor  I  recorded 

E-E 

115,000 

51,000 

122,000 

the  sise  of  the  clumps  seen^  but 

E-G 

105,000 

both  evidently  saw  several  clamps 
which   included  more  than    10 

I-I 

44.000 

145.000 

343,000 

I-F 

39,000 

The  average  group  oontained  4.0 

Averages. . . 

78,000 

46,000 

185,000 

individuals. 

*  The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  The  second 
analyst  named  counted  the  agar  plates  and  slides. 

t  In  this  instance  the  agar  plates  were  made  and  counted  by  Analyst  C,  wiiile  the 
microscopic  slides  were  made  and  counted  by  Analyst  A. 

t  Omitted  from  the  average  as  the  oount  was  greatly  influenced  by  a  sin^  very 
large  clump  of  organisms. . 


New  York  Agricultural  Experiment  Station.        211 

Tablb  L. —  Sebibs  a,  Sampub  No.  7.    Ithaca  Mabkbt  Milk  Kept  on 

Igb  vob  24  HouBS. 


Analyst. 


F-i... '.'.*; 

B-B 

B-C 

0-B 

D-D 

I>-B 

G-G 

G-E 

E-E 

E-G 

I-I 

I-P 

Averages.. 


Plate 
"count." 


78,000 
65,000 

40,000 
27,000 

52,000 
67,000 

? 
? 

82,000 
75,000 

78,000 
62,000 

117,000 
123,000 


72,000 


Group 
"count." 


71,000 


21,000 
24,000 

57,000 
33,000 

33,000 
9,000 

41,000 


86,000 


93,000 


Individual 
"count" 


47,000 


183,000 


111,000 
321,000 

162,000 
150,000 

96,000 
216,000 

295,000 


316,000 


167,000 


202,000 


Notes. 


The  clumps  of  bacteria  reported 
from  the  microscopic  slides  which 
included  10  or  more  individuals 
were  two  clumps  containing  22 
and  78  individuals,  respectively, 
reported  by  Analyst  A,  four 
clumps  containing  12;  26  20,  and 
10  individuals,  respectively,  re- 
ported by  Analyst  B,  two  clumps 
containing  20  and  20  individuals, 
respectively,  reported  by  Analyst 
G,  and  two  clumps  containing  12 
and  12  individuals,  respectively, 
reported  by  Analyst  E. 

Analysts  F  and  I  evidently  saw 
clumps  containing  more  than  10 
individuals  but  did  not  record 
them  separately. 

The  average  group  contained  4.3 
individuals. 


*  The  first  analyst  named  made  the  agar  pUtes  and  the  microscopic  slides.  The 
second  analyst  named  counted  the  agar  plates  and  slides. 

t  In  this  instance  the  agar  plates  were  made  and  counted  by  AnalyBt  C^  while 
the  microscopic  slides  were  made  and  counted  by  Analyst  A. 
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Tabu  LL*-SnniB  A,  Samplb  No.  8.    Itbaca  Mabkbt  Milk  Ebpt  on 

ICB  l<OB  24  HOVBS. 


Analyst 

Plate 
"count." 

Group 
"count." 

Individual 
"count." 

Notes. 

F*-F* 

19,000 

4,500 

4,500 

The  only  clumps  of  bacteria  re- 

F-I  

22,000 

ported  from  the  microBoopie 
slides  which  included  10  or  more 

B-B 

25,000 

6,000 

39,000 

individuals    were    two    clumps 

B-C 

23,000 

12,000 

27,000 

which  together  included  40 
bacteria  reported  by  Analyst  G, 

c-ot 

34,000 

27,000 

42,000 

one    clump    of    16    individuals 

O-B 

87,000 

9,000 

18,000 

reported  by  Analjrst  B,  and  four 
clumps   (exact  siie  not  given) 

D-D 

T 

12,000 

21,000 

reported  by  Analjrst  E. 

D-B 

? 

42,000 

321,000 

G-Q 

41,000 

190,000 

625,000 

The  average  group  oontained  3.7 

G-E 

44,000 

individuals. 

B-E 

19,000 

177,000 

722,000 

i^G 

16,000 

I-I 

44,000 

36,000 

69,000 

I-F 

41,000 

a 

Averages* . . . 

30,000 

51,000 

189,000 

*  The  first  analyst  named  made  the  agar  plates  and  the  microscopic  slides.  The 
second  analyst  named  counted  the  agar  plates  and  slides. 

t  In  this  instance  the  agar  plates  were  made  and  counted  by  Analyst  C,  idiile 
the  microscopic  slidflB  wsre  maoe  and  counted  by  Analyst  A. 
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Tabub  lit. —  SxRisB  A,  Sakpu  No.  9.    Itsaca  Mabut  Milk  Kipt  oh  Igb  fob 

24  HouB& 


Analyst. 

Plate 
"count." 

Group 
"eount." 

Indiyidual 
"count" 

Notes. 

P*-F* 

P-I 

B-B 

B-C 

CM3t 

C-B 

D-D 

D-B 

G-G 

G-E 

B-E 

E-G 

M 

34,000 
27,000 

111,000 
90,000 

150,000 
118,000 

T 
? 

135,000 
120,000 

105,000 
91,000 

93,000 
101,000 

18,000 

51,000 
60,000 

84,000 
27,000 

108,000 
39,000 

180,000 

144,000 

93,000 

61,000 

303,000 
441,000 

294,000 
138,000 

534,000 
339,000 

950,000 

• 

521,000 
249,000 

The  onlv  dumps  of  bacteria  re- 
ported from  the  mierosoopie  slides 
which  included  10  or  more  indi- 

by  Analyst  A,  which  inchioed  16, 
10, 30, 17, 14,  and  12  individuals, 
respectively,    eight  clumps   re- 
ported by  Analyst  B  which  in- 
cluded 11, 11^  12.  12, 14,  34, 10, 
and  18  individuals,  respectively, 
three  clumps  reported  by  Analyst 
D  which  included  11, 33,  and  16 
individuals,  three  clumpsreported 
by  Analyst  G  which  included  12, 
14,  and  16  individuals,  respect- 
ively, and  one  clump  of  10  indi- 
viduals reported  by  Analyst  K 
Analysts  F,  I,  and  G  saw  other 
dumns  includins  as  many  as  10 

I-F 

individuals  but  did  not  report 
their  exact  sise. 

individuals. 

AwregB0b. . , 

96,000 

80,000 

383,000 

*  The  first  analyst  named  made  the  agar  pUtes  and  microscopic  slides.  The  second 
analyst  named  counted  the  agar  plates  and  slides. 

t  In  this  instance  the  agar  plates  were  made  and  counted  by  Analyst  C,  while  the 
mierosoopie  slides  were  made  and  counted  by  Analyst  A. 
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Tablb  LIII.—  Sbbixs  A,  Sample  No.  10.    Ithaca  Mabkist  Milk  Kept  on  Ice  fob 

24  HouBs. 


Analyst 

Plate 
"count." 

Group 
"count." 

Individual 
"count" 

Notes. 

F*-P* 

F  I 

B-B 

B-Ct 

ct-ct 

Ct-B 

D  D...    ... 

D  B 

G  G 

G-E 

E-E 

EG 

I-I 

248,000 
238,000 

207,000 
137,000 

215,000 
294,000 

? 

r 

309,000 
328,000 

336,000 
256,000 

427,000 
424,000 

30,000 

87,000 
90,000 

174,000 
76,000 

39,000 
87,000 

81,000 

184,000 

93,000 

129,000 

1,360,000 
1,070,000 

1,020,000 
570,000 

339,000 
807,000 

418,000 

476,000 

1,020,000 

A  very  large  number  of  clumps 
including  10  or  more  individuals 
was  reported,  especially  by  An- 
alysts A,  B.  and  D.  Thus  Analyst 
A  reported  18  clumps  which  in- 
cluded 24,  22, 10, 14, 70, 15, 15, 
21, 15, 13,  50, 18,  26, 100, 33, 12, 
14,  and  15  individuals,  respect- 
ively.   Analyst  B   reported  20 
clumps  whidk  included  48,  150, 
18,  18,  10,  14,  20, 18, 12, 25, 16, 
50, 30, 24, 12  14, 32, 10,  20,  and 
12  individuals, respectively.  Four 
other  dumps  were  seen  which 
were  of  similar  sise  but  the  exact 
number  of  individuals  was  not 
recorded.    Analyst  D  found  11 
chimps  which  included  32,  19, 
11,  10.  11,  32,  400.  25.  14,  24, 

I-F 

and  80  individuals,  respectively. 
Analyst   G   found   two  clumps 
which  included  14  and  18  indi- 
viduals,  respectively,  also  two 
others  whose  exact  size  was  not 
recorded.     Analyst  £  saw  one 
dump  of  13  individuals,  while 
Analysts  F  and  I  did  not  record 
the  size  of  the  clumps  seen. 
The  average  group  contained  7.7 
individuflJs. 

Averai;e8. . . 

285,000 

94,000 

721,000 

*  The  first  analyst  named  made  the  agar  plates  and  the  microscopic  slides.  The 
second  analyst  named  counted  the  agar  pUtes  and  the  dides. 

t  In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  miorosoopie 
dides  were  made  by  Analyst  A. 

t  In  this  instance  the  agar  plates  were  counted  by  Analyst  C,  while  the  mieroacapic 
slides  were  counted  by  Analyst  A. 
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Table  LTV. —  Sbbibb  A,  Bamplb  No.  11.    Fbssh  Milk  Inoculated  with  a  Gvl- 

TUBE  OF  LONO-BOD.  liACTIC  AciD  BaCTEBIA  FbOU  ChBBSB  FaGTOBT  WhET. 


AniUjrst. 

Plate 
"count" 

Group 
"count" 

Individual 
"count" 

Notes. 

F*-F*.... 
F-I 

B-B 

B-D 

Ct-B.... 

D-D 

D-C**... 

G-G 

G-E 

E-E 

E-G 

I-I 

I-F 

68,000,000 
47,000,000 

21,000,000 
10,000,000 

48,000t 
53,000,000t 

28,000,000 

? 

74,000,000 
03,000,000 

23,000,000 
34,000,000 

81,000,000 
86,000,000 

75,000,000 
102,000,000 

90,000,000 
81,000,000 

84,000,000 
90,000,000 

80,000,000 
83,000,000 

103,000,000 
75,000,000 

126,000,000 
113,000,000 

85,000,000 
108,000,000 

77,000,000 
112,000,000 

111,000,000 
94,000,000 

92,000,000 
95,000,000 

93,000,000 
92,000,000 

106,000,000 
75,.000,000 

126,000,000 
116,000,000 

90,000,000 
113,000,000 

Nearly  all  of  the  bacteria 
were  found  as  single  indi- 
viduals in  the  microscopic 
slides.  A  few  clumps  of 
two  or  three  individuals  were 
noted. 

The  average  group  contained 
1.06  individuals. 

The  agar  plates  were  covered 
with  a  few  large,  and  innum- 
erable tiny  colonies  some  of 
which  could  be  seen  only 
under  the  compound  micro- 
scope. Evidently  the  esti- 
mated numbers  of  the 
colonies  on  the  plates  did 
not  include  all  of  the  micro- 
scopic colonies.  Because  of 
irregularities  in  the  esti- 
mated numbers  of  colonies, 
the  agar  plate  counto  are 
very  irregular. 

AverageB.. 

52,000,000 

93,000,000 

99,000,000 

*  The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  The  second 
analyst  named  counted  the  agar  plates  and  the  slides. 

**  In  this  instance  the  agar  plates  were  counted  by  Analyst  C,  while  the  micro- 
scopic slides  were  counted  by  Aiudyst  A. 

t  In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  slides  were 
made  by  Analyst  A. 

{  The  reason  for  this  great  discrepancy  in  duplicate  "counts"  is  merely  that  Analyst 
C  made  no  attempt  to  estimate  the  number  of  tiny  colonies  on  the  plates.  His 
"count"  was  not  included  in  the  final  average. 
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Tablb  LV. —  Sebibs  a,  Sampli  No.  12.    Fresh  Milk  Inocvlatbd  with  a  Skim 

Milk  CuiAxmB  of  the  Goloh  Bacillus. 


Analyst. 

PUte 
"count" 

Group 
"count" 

Individual 
"count" 

Notes. 

F*-F*. . . . 
P-I 

B-B 

B-D 

ct-ot... 

Ct-B.... 

D-D 

D-Ct.... 

o-o 

G-E 

E-E 

ISrQ 

I-I 

I-P 

77,000,000 
57,000,000 

40,000,000 
89,000,000 

50,000,000 
45,000,000 

40,000,000 
45,000,000 

50,000,000 
58,000,000 

38,000,000 
43,000,000 

39,000,000 
36,000,000 

51,000,000 
65,000,000 

44,000,000 
38,000,000 

42,000,000 
40,000,000 

55,000,000 
37,000,000 

88,000,000 
51,000,000 

53,000,000 
50,000,000 

33,000,000 
42,000,000 

78,000,000 
99,000,000 

54,000,000 
45,000,000 

48,000,000 
45,000,000 

76,000,000 
48,000,000 

120,000,000 
67,000,000 

100,000,000 
54,000,000 

55,000,000 
56,000,000 

The  great  majori^  of  these 
bacteria  occurred  as  single 

pairs  and  even  a  few  larger 
clumps  were  seen;  but  no 
one  reported  seeing  a  clump 
containing  as  many  as  10 
individuals. 
The  average  group  oontaiiiBd 
1.4  individuals. 

Averages.. 

48,000,000 

40,000,000 

67,000,000 

*  The  first  analyst  named  made  the  agar  plates  and  mioroseopie  slides.  The  second 
analyst  named  counted  the  agar  pUtes  and  the  slide. 

t  In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  slides  were 
made  by  Analyst  A. 

t  In  this  instance  the  agar  pUtes  were.counted  by  Analyst  C,  while  the  mioroaeqpie 
slides  were  counted  by  Analyst  A. 
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Table  LVI. —  Sbrisb  A,  Saicplb  No.  13.     Qbnbta  Station  Hbbd  Milk  which 

WAS  KSPT  IN  AN  InCUBATOB  AT  37  ^  C.  VOB  24  HotJBS. 


Analyst. 

Plate 
"count" 

Group 
"count" 

Individual 
"count" 

Notes. 

F-I 

B-B 

B-D 

Ct-ct... 

Cf-B 

D-D 

D-CJ. ... 

G-O 

G-E 

B-E 

E-O 

I-I 

I-P 

116,000,000 
94,000,000 

130,000,000 
140,000,000 

123,000,000 
122,000,000 

112,000,000 
115,000,000 

224,000,000 
267,000,000 

95,000,000 
83,000,000 

118,000,000 
152,000,000 

69,000,000 
64,000,000 

27,000,000 
20,000,000 

27,000,000 
25,000,000 

15,000,000 
29,000,000 

47,000,000 
46,000,000 

50,000,000 
37,000,000 

50,000,000 
60,000,000 

206,000,000 
176,000,000 

136,000,000 
112,000,000 

297,000,000 
109,000,000 

114,000,000 
110,000  000 

123,000,000 
193,000,000 

180,000,000 
182,000,000 

152,000,000 
187,000,000 

There  ware  a  number  of 
clumps  which  contained  10 
or  more  bacteria  with 
some  enormous  clumps  of 
micrococci  which  were 
readily  found  with  low 
magnification.  Appar- 
ently however  only  a  few 
of  the  large  clumps  were 
seen  in  the  microscopic 
fields  which  were  examhied 
when  the  counts  were 
made.  One  examined  by 
Analyst  A  was  estimated 
to  contain  at  least  6fiOO 
bacteria. 

However,  because  of  the  very 
large  number  of  smaB 
clumps  and  isolated  bao- 
teria,  the  average  grsup 
contained  only  4.4  indi- 
viduals. 

AvengieB.. 

135,000,000 

37,000,000 

163,000,000 

*  The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  The  seoond 
analyst  named  counted  the  agar  plates  and  slides. 

t  In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  slides  were 
made  by  Analyst  A. 

t  In  this  instance  the  agar  plates  were  counted  by  Analyst  C,  while  the  slides 
were  counted  by  Anafyst  A. 
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Table  LVII. —  Sebibs  A,  Sample  No.  14.    Mabkbt  Milk  Gontainino  Masses  op 
Long  Chain  Stbeptococci  Known  to  have  coub  fbou  an  Infected  Uddeb. 


Analysis. 

Plate 
"count." 

Group 
"count." 

Individual 
"count" 

Notes. 

F*-F*.... 
F-I 

B-B 

a-D 

ct-ct.... 

Gt-B 

i)  -D 

•J-Ct... 

G-G 

G-G 

E.— E. . . . 
E-G 

I-I 

i-f 

9,200,000 
9,000,000 

4,900,000 
6,000,000 

9,000,000 
4,700,000 

6,700,000 
6,400,000 

25,003,000 
25,000,000 

6,300,000 
6,400,000 

10,000,000 
9,500,000 

8,900,000 
3,000,000 

3,600,000 
3,500,000 

3,700,000 
4,000,000 

4,400,000 
3,100,000 

5,600,000 
9,700,000 

13,000,000 
5,700,000 

3,900,000 
10,800,000 

188,000,000 
89,000,000 

117,000,000 
146,000,000 

219,000,000 
119,000,000 

126,000,000 
114,000,000 

61,000,000 
197,000,000 

303,000,000 
102,000,000 

112,000,000 
209,000,000 

Almost  all  of  the  bacteria 
present  were  in  the  chains 
characteristic  of  strepto- 
cocci, and  rarely  did  these 
chains  contain  fewer  than 
10     individual     bacteria. 

The  average  group  contained 
25.4  individuals. 

The  explanation  of  the  high 
plate  "counts"  obtained 
by  Analyst  G  is  un- 
doubtedly that  the  or- 
ganisms grew  better  on  Uic 
agar  which  he  used  (con- 
taining both  lactose  and 
dextrose,  and  both  Witte's 
and  Difco  peptone)  than 
on  the  simpler  agars  used 
by  the  others. 

Averages. . 

9,900,000 

6,900,000 

150,000,000 

*  The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  The  second 
analyst  named  counted  the  plates  and  slides. 

t  In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  slides  wcie 
made  by  Analyst  A. 

X  In  this  instance  the  agar  plates  were  counted  by  Analyst  C,  while  the  aUdes 
were  counted  by  Analyst  A. 


J 
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Table  LVIII. —  Sebiss  A,  Sample  No.  15.    Milk  Sousing  Normally  witb  Bad, 
ladis  acidi.    Some  Samples  Cubdlbd  Bbfobe  They  Were  Examined. 


Analyst. 

Plate 
"count." 

Group 
"count." 

Individual 
"count." 

Notes. 

P*-F*.... 

2,300,000,000 

900,000,000 

1,300,000,000 

The  bacteria  in  the 

I-I 

1,900,000,000 

1,400,000,000 

* 

2,400,000,000 

microscopic  prep- 
arations  were   so 

B-B 

2,100,000,000 

670,000,000 

1,800,000,000 

thick  that  it  was 

B-D 

1,500,000,000 

1,200,000,000 

1,800,000,000 

impossible  to 
make  more  than  a 

Ct-CJ. . . . 

2,000,000,000 

2,500,000,000 

3,300,000,000 

rough  estimate  of 

Ct-B. . . . 

2,000,000,000 

? 

1,600,000,000 

numbers.  '  Only 
small  portions  of 

D-D 

2,100,000,000 

? 

1,900,000,000 

five    fields    were 

D-Ct. ... 

2,000,000,000 

? 

3,800,000,000 

counted  in  any 
case.    No  clumps 

G-G 

3,200,000,000 

1,870,000,000 

4,300,000,000 

containing     more 

G-E 

3,100,000,000 

2,700,000,000 

5,400,000,000 

than  four  bacteria 
were  seen. 

E-E 

903,000,000 

1,700,000,000 

3,500,000,000 

The  average  group 

E-G 

780,000,000 

1,600,000,000 

2,000,000,000 

contained  1.8  in- 
dividuals. 

I-I 

2,000,000,000 

720,000,000 

1,400,000,000 

I-F 

1,800,000,000 

1,600,000,000 

3,000,000,000 

* 

Averages.. 

2,000,000,000 

1,500,000,000 

2,700,000,000 

^  The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  The  second 
named  counted  the  plates  and  slides. 

t  la  this  instance  the  plates  were  made  by  Analyst  C,  while  the  slides  were  made 
by  Analyst  A. 

{ In  this  instanoe  the  agar  plates  were  counted  by  Analyst  C,  while  the  slides  were 
eounted  by  Analyst  A. 
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Tablb  LVDC. —  Sebibs  A,  Sample  No.  16.    Ithaca  Mabkbt  Milk  kept  on  Icb 

i<OR  24  HouBS. 


Analyst. 

Plate 
"count" 

Group 
"eount." 

Individual 
"count" 

Notes. 

F*_p« 

P-I 

60,000 
79,000 

80,000 

r 

96,000 
100,000 

76,000t 

T 

109,000 
120,000 

202,000 
172,000 

184,000 
150,000 

15,000 
95,000 

87,000 
78,000 

96,000 
54,000 

66,000 
48,000 

30,000 
69,000 

131,000 
40,000 

27,000 
9,000 

63,000 
615,000 

501,000 
580,000 

90o;ooo 

222,000 

765,000 
360,000 

275,000 
106,000 

412,000 
425,000 

122,000 
68,000 

Clumps  containing  10  or  more 
bacteria  were  relatively  com- 

B-B  

mon,  all  analjrsts  reporting  10 
or  more.    The  largest  chunp 

B-D 

noted  contained  150  individ- 

Ct-C**  

Cf-B 

D-D 

uals. 
The  average  group  contained  6.4 
individuals. 

D-C** 

ChQ 

G-E 

E-E... 

B-0 

I-I 

I-P 

Averages 

121,000 

60,000 

387,000 

*  The  first  analyst  named  made  the  agar  plates  and  the  microscopic  slides.  The 
second  analyst  named  counted  the  plates  and  slides. 

**  In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  microsoopic 
slides  were  made  by  Analyst  A. 

t  In  this  instance  the  plates  were  counted  by  Analjrst  C,  while  the  slides  were 
oounted  by  Analyst  A. 

{Count  made  at  the  end  of  five  days.  After  seven  days  incubation  the  plates 
were  oovered  with  innumerable  tiny  colonies  evidently  a  contamination. 
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Tablb  LX. —  Sbbibb  a,  Samfls  No.  17.    Ithaca  Mabkbt  Milk  sift  on  Icn 

voR  24  HouBs. 


Analyst. 

Plate 
"count." 

Group 
"count." 

Individual 
"count." 

Notes. 

F*-F*.... 
F-I 

B-B 

B-D 

Ct-ct  - . . 

Ct-B.... 

D-D 

D-CJ. . . . 

G-G 

G-E 

B-E 

E-G 

I-I 

I-F 

25,000 
30,000 

9,300 
? 

11,000 
14,000 

7,000 
6,800 

30,000 
32,000 

28,000 
28,000 

39,000 
33,000 

9,000 
13,000 

6,000 
3,000 

18,000 
12,000 

33,000 
21,000 

Less  than  5,000 
13,000 

30,000 
Less  than  5,000 

11,000 
6,700 

33,000 
19,000 

69,000 
6,000 

600,000 
250,000 

830,000 
63,000 

Less  than  5,000 
13,000 

114,000 
Less  than  5,000 

146,000 
1,140,000 

The  larger  number  of 
clumps  seen  which  con- 
tained 10  or  more  indi- 
viduals were  of  long 
chain  streptococci 
One  very  large  mass  of 
bacteria  was  seen  by 
Analyst  F. 

Analyst  A  reported  two 
clumps  which  included 
32  and  160  individuals, 
respectively.  Analyst 
B  reported  one  clump 
of  22  individuals. 
Analyst  D  saw  six 
clumps  including  150, 
50, 16, 18, 60»  and  30  in- 
dividuals, respectively. 
Analyst  I  saw  groups  of 
10  or  more  bacteria  but 
did  not  record  their 
exact  sise. 

The  average  group  con- 
tained 18.0  individuals. 

Averages.. 

23,000 

13,000 

234,000 

*The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  The 
second  analyst  named  counted  the  plates  and  the  slides. 

t  In  this  instance  the  plates  were  counted  by  Analyst  C,  while  the  slides  were 
counted  by  Analyst  A. 

I  In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  microscopic 
siidee  were  made  by  Analyst  A. 
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Table  LXI. —  Sebies  A,  Samples  No.  18.    Ithaca  Market  Milk  kept  on  Ioe 

FOR  24  HOUBS. 


Analyst. 


F*-F*.... 
F-I 

B-B 

B-D 

ct-ct... 

Ct-B 

D-D 

D-Dt... 

G-O 

G-E 

E-E 

E— G 

I-I 

I-F 

Averages. . 


Plate 

Group 

Individual 

Notes. 

"count." 

"count." 

"count." 

500 

5,000 

7,600 

Analyst  A  reported  that 

500 

10,000 

19,000 

he  found  32  bacteria 
in  a  clump  attached  to 

2,000 

3,000 

3,000 

a   dirt    particle,    while 

? 

18,000 

61,000 

Analyst  D  reported  one 
clump  of  10  and   one 

5,000 

12,000 

111,000 

dump  of  11  individuals. 

3,000 

9,000 

78,000 

Apparently  no  other 
ISroups  as  large  as  these 

970 

60,000 

140,000 

were  seen. 

700 

6,000 

6,000 

The  average  group  con- 
tained 2.7  individuals. 

3,000 

20,000 

30,000 

Too   great   dilution    was 

4,000 

6,000 

6,000 

used  by  all  analysts  in 
making  the  agar  plates, 

1,100 

Less  than  6,000 

Less  than  6,000 

so  that  these  were  very 

1,200 

Less  than  5,000 

Less  than  6,000 

unsatisfactory. 

1,600 

11,000 

19,000 

1,000 

7,000 

11,000 

1,900 

12,000 

34,000 

*  The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  The  second 
analyst  named  counted  the  plates  and  slides. 

t  In  this  instance  the  plates  were  made  by  Analyst  C,  while  the  slides  were  made 
by  Analyst  A. 

t  In  this  instance  the  agar  plates  were  counted  by  Analyst  C,  while  the  slides 
were  counted  by  Analyst  A. 
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FOB 

24  HouBs. 

Analyst 

Plate 
"count" 

Group 
"count" 

Individual 
"count" 

Notes. 

F«-F*.... 

14,800,000 

11,400,000 

22,000,000 

Numerous  clumps  were  found 

F-I 

10,000,000 

6,000,000 

21,000,000 

in  the  microscopic  prepar- 
ations which  contained  more 

B-B 

8,500,000 

6,300,000 

29,000,000 

than   10  and  less  than  50 

B-D 

T 

4,700,000 

35,000,000 

individuals. 
The  average  group  contained 

ct-ct... 

7,600,000 

4,200,000 

20,000,000 

3.3  indi\iduals. 

Ct-B.... 

8,800,000 

4,700,000 

25,000,000 

ly-D 

8,500,000 

8,800,000 

29,000,000 

D-Ct. . . . 

8,000,000 

5,200,000 

27,000,000 

G-G 

12,000,000 

3,300,000 

16,000,000 

G-E 

12,000,000 

17,500,000 

35,000,000 

E-E 

18,000,000 

24,000,000 

86,000,000 

E-G 

13,000,000 

1,200,000 

6,300,000 

I-I 

15,000,000 

11,000,000 

23,000,000 

I-F 

15,000,000 

9,300,000 

23,000,000 

Averages.. 

12,000,000 

8,400,000 

28,000,000 

*  The  first  analyst  named  made  the  agar  plates  and  the  microscopic  slides.  The 
second  analyst  named  counted  the  plates  and  the  slides. 

t  In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  slides  wero 
made  by  Analyst  A. 

tin  this  instance  the  agar  plates  were  counted  by  Analyst  C,  while  the  slides 
were  counted  by  Analyst  A. 
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Tabub   LXin.— Sebibs  A,  Sampud  20.    Ictaga  Maxket  Milk  kept  on  Ice 

voB  24  HouBS. 


Analyst. 

Plate 
"count" 

Group 
"count." 

Individual 
"count" 

Notes. 

F*-F*.... 
F-I 

B-B 

B-D 

O   '~x>  J.  .  .  . 

Ct-B 

D-D 

D-dt 

O-G 

G-E 

E-E 

E-G 

I-I 

I-P 

5,800,000 
5,500,000 

4,800,000 

T 

1,400,000 
1,900,000 

2,900,000 
2,300,000 

9,500,000 
9,500,000 

6,300,000 
6,100,000 

8,800,000 
8,400,000 

5,100,000 
3,200,000 

2,500,000 
3,500,000 

2,600,000 
3,600,000 

4,800,000 
7,500,000 

1,600,000 
13,000,000 

10,000,000 
3,200,000 

3,900,000 
4,000,000 

35,000,000 
22,000,000 

14,000,000 
43,000,000 

16,000,000 
18,000,000 

55,000,000 
27,000,000 

14,000,000 
28,000,000 

24,000,000 
22,000,000 

21,000,000 
22,000,000 

This  milk  contained  numerous 
clumps  of  bacteria  containing 
ten  or  more  individuals  and 
each  analyst  reported  find- 
ing them. 
The  average  group  contained 
5.0  individuals. 

AvengeB.. 

5,600,000 

5,200,000 

26,000,000 

*  The  first  analyst  named  made  the  agar  plates  and  the  microscopic  slides.  The 
second  analyst  named  counted  the  agar  plates  and  slides. 

t  In  this  instance  the  plates  were  made  by  Analyst  C,  while  the  slides  were  made 
by  Analyst  A. 

t  In  this  instance  the  plates  were  counted  by  Analyst  C,  while  the  slides  were 
counted  l^  Analyst  A. 
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Table  LXIV.—  Sibob  B,  Bampub  No.  1.    Milk  Fwni  a  Boxqim  Cow  Drawn  into 

A  Stbjoub  Covw»d  Pail. 


AaalynL 

Plate 
"count" 

Group 
"count" 

Individual 
"count" 

Notes. 

B*-B*. . . . 
B-D 

c-<:;t 

C-B 

D-D 

D  Ct.... 

P-F 

P-I 

H-H 

H-F 

I-I 

I-H 

1,010 
560 

273 
570 

320 

285 

255 
290 

340 
360 

220 
190 

12,000 
LesB  than  3,000 

LesB  than  3,000 
LesB  than  3,000 

3,000 
3,000 

268,000t 
156,000t 

76,000t 
92,000t 

42,000t 
25,000t 

18,000 
LesB  than  3,000 

LesB  than  3,000 
LeflB  than  3,000 

3,000 
3,000 

doo,ooot 

192,000t 

92,000t 
107,000t 

63,000t 
28,000t 

Ab  the  men  who  were  most 
experienced  in  examin- 
ing microacopic  prepara- 
tions of  milk  only  found 
4  single  bacteria  and  2 
pairs  of  bacteria  in 
examining  1200  micro- 
scopic fields,  and  as  all 
analysts  agreed  that  the 
agar  plate  count  was 
▼eiy  low,  it  seems  prob- 
able that  the  higher 
microscopic  "counts" 
reported  by  the  less 
e^^rienced  men  were 
based  on  counts  of 
objects  other  than 
bacteria. 

The  average  group  con- 
tained 1.3  individuals. 

Avwagea.. 

390 

3,000 

4,000 

*  The  first  analyst  named  made  the  agar  plates  and  the  microscopic  slides.  The 
second  analyst  named  counted  the  plates  and  the  slides. 

**  In  this  instance  the  agar  plates  were  counted  by  Analyst  C,  while  the  slides  were 
counted  by  Analyst  A. 

In  this  instance  the  agar  plates  were  made  by  Analyst  C,  while  the  slides  were 
made  by  Analyst  A. 

t  Omitted  from  the  average  as  these  "counts"  are  evidently  too  huge. 


8 
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Tabui  UCV. —  Sams  G,  Sampud  No.  1.    Milk  Fbom  a  SnrauD  Cow  Drawn  imto 

A  Stbbilb  Ck>TXBaD  Pail. 


Analyst 

Plate 
"count" 

Group 
"count" 

1 

Individual 
"cwint" 

Notes. 

B*-B*.... 

690 

6,000 

15,000 

The  milk  used  for  these 

B-CH.... 

580 

9,000 

9,000 

analyses  was  from  the 
same  cow  as  that  used 

Ct-CA... 
Ct-EI... . 

1050 

3,000 

3,000 

for  the  analyses  given 

1010 

Less  than  3,000 

Less  than  3,000 

in    Table    LXU.    The 

greater  regularity  in  the 

B-E 

620 

27,000 

30,000 

miorosoopio      "counts" 

E-BF.... 

500 

3,000 

6,000 

in  the  present  table  is 
undoubtedly  due  to  the 

F-F 

520 

3,000 

6,000 

greater    experience    of 

F-HE.... 

450 

Lees  than  3,000 

Less  than  3,000 

the  analjTsts  with  the 
microeoopic    technique. 

H-H 

567 

6,000 

6,000 

The  average  group  con- 

H-IB  

563 

Lees  than  3,000 

Lees  than  3,000 

tained   1.3  individuak 

I-I 

403 

Lees  than  3,000 

Less  than  3,000 

I-PA 

500 

9,000 

12,000 

Averages  . 

623 

I 

5,500 

7,260 

*  The  first  analyst  named  made  the  agar  plates  and  microscopic  slides.  Where  a 
single  letter  is  found  in  the  second  column  of  letters  it  signifies  that  both  the  plates  and 
sli&s  were  counted  by  the  analyst  designated.  Where  two  letters  are  given,  the  first 
analyst  designated  counted  the  plates  while  the  second  analyst  counted  tibe  microacopic 
slideiB. 

t  In  this  iitftance  the  agar  pUtes  were  made  by  Analyst  C,  while  the  slides  were  inade 

by  Analyst  A. 
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Tabu  L2CVI.—  Sbbixb  A.  Fikal  Summabt  or  Plitb  and  Micboaoopio  "Ck>inm." 


Simple 

Plate 

GitNip 

IndiTidual 

Ave. 

no. 

"ofmnt." 

"count." 

"count." 

sue 
group 

Notee. 

1 

10,600 

18,700 

103,000 

5.5 

Herd  milk. 

2 

10,400 

10,600 

02,000 

4.7 

Herd  milk. 

3-5.... 

6,000 

5,000 

15,000 

3.0 

Herd  milk. 

4 

45,000 

41,000 

145,000 

3.5 

Herd  milk. 

6 

78,000 

46,000 

185,000 

4.0 

Market  mOk. 

7 

72,000 

47,000 

202,000 

4.3 

Market  milk. 

8 

30,000 

51,000 

180,000 

3.7 

Market  mOk. 

9 

08,000 

80,000 

383,000 

4.8 

Market  mUk. 

10 

285,000 

04,000 

721,000 

7.7 

Market  milk. 

11 

..  52,000,000 

93,000,000 

90,000,000 

1.06 

Inoculated  with 
long-rod,  lactic 
acid  organism. 

12 

48,000,000 

40,000,000 

67,000,000 

1.4 

Inoculated  with  the 
colon  bacilluB. 

13 

135,000,000 

37,000,000 

163,000,000 

4.4 

Fresh  milk  incu- 
bated at  37"*  C. 
for24hrs. 

14 

0,900,000 

5,900,000 

150,000,000 

25.4 

Market  milk  known 
to  contain  strep- 
tococci. 

15 

2,000,000,000 

• 

1,500,000,000 

2,700,000,000 

1.8 

MOk  nearly  curdled 
containing  BaeL 
kietU  addi 

16 

121,000 

jO,000 

387,000 

6.4 

Market  milk. 

17 

23,000 

13,000 

234,000 

18.0 

Market  milk  found 
to  contain  strep- 
tococci 

18 

1,900 

12,000 

34,000 

2.7 

Market  mOk. 

19 

12,000,000 

8,400,000 

28,000,000 

3.3 

Market  mOk. 

20 

5,600,000 

5,200,000 

26,000,000 

5.0 

Market  milk. 

21 

390 

3,000 

4,000 

1.3 

Milk    from    single 

22 

623 

5,500 

1 

7,260 

1.3 

COW. 

Milk  from  singfo 
cow. 

a.   AGAR  PLATE   COX7NTS 

Technique  used. — Each  of  the  seven  analysts  (three  from  Geneva, 
three  from  Ithaca,  and  one  a  Geneva  man  working  at  the  time  at 
Ithaca)  was  instructed  to  prepare  his  own  materials,  and  to  use 
whatever  procedure  he  felt  would  give  the  most  accurate  "counts." 
Naturally,  these  instructions  resulted  in  great  diversity  of  method, 
a  fact  which  should  be  kept  in  mind  in  considering  the  harmony  of 
results. 

It  is  neither  possible  nor  important  to  specify  all  of  the  minor 
differences  in  technique.  All  used  a  prolonged  incubation  at  two  or 
inore  temperatures.  Some  accomplished  the  result  by  first  incubat- 
ing the  plates  at  20^  C.  for  five  days  followed  by  two  days  of  incuba- 
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tion  at  37**  C.  Others  went  to  the  work  of  preparing  two,  or  even 
three,  sets  of  plates  from  each  sample  which  were  tiien  incubated 
at  two  or  three  different  temperatures.  In  the  latter  cases,  the 
highest  ^'counts"  were  regarded  as  the  most  accurate,  and  were 
the  ones  which  were  returned  in  the  final  reports. 

The  four  Geneva  men  (B,  C,  D,  and  E)  used  an  agar  containing 
1  per  cent  Witte's  peptone,  0.5  per  cent  Liebig's  beef  extract,  and  1.5 
per  cent  air  dried  agar,  while  all  of  the  others  used  agar  of  similar 
composition  except  that  lactose  or  a  mixture  of  lactose  and  dextrose 
was  added.  One  (G)  added  Difco  peptone  as  well  as  Witters  pep- 
tone, while  one  (F)  used  a  whey  agar.  The  latter,  however,  was  used 
only  for  the  first  lot  of  samples  as  in  this  instance  (Table  XLVIII) 
very  low  counts  were  obtained. 

Some  clarified  their  agar  with  dried  egg  albumen,  others  with  fresh 
eggs,  while  others  did  not  clarify.  In  some  cases  the  reaction  of  the 
medium  was  adjusted  after  titration  with  phenolphthalein,  while  in 
others  it  was  not  adjusted.  It  is  worth  noting  that  the  man  (G) 
who  used  the  agar  with  the  most  complicated  formula  (containing 
both  kinds  of  peptone  and  both  lactose  and  dextrose)  frequently 
obtain^  counts  decidedly  larger  than  the  other  analysts. 

Four  men  (B,  C,  D,  and  E)  used  pipettes  with  a  single  graduation 
nmrk.  Three  of  these  men  (B,  D,  and  E)  merely  emptied  these 
pipettes  without  rinsing  and  later  it  was  found  that  these  pipettes 
did  not  deliver  a  full  cc.  when  used  in  this  way.  •  The  others  used 
pipettes  with  two  graduation  marks.  All  used  three  different 
dilutions  in  preparing  the  plates  as  the  probable  ''count''  was 
imknown;  and  aU  made  at  least  three  plates  from  each  dilution. 
Even  with  these  precautions,  all  plates  were  overcrowded  with 
colonies  in  some  cases  (especially  Sample  No.  15),  while  in  others 
even  the  lowest  dilution  gave  so  few  colonies  that  the  "count"  was 
felt  to  be  imreliable  (especially  Sample  No.  18). 

All  petri  plates  were  recounted  by  a  second  analyst  from  the 
laboratory  in  which  the  plates  were  made.  All  "coimts"  were 
computed  independently  by  each  analyst  and  sent  to  a  central  ofiOice 
for  comparison.  Later,  when  these  results  were  compared,  errors  of 
computation,  some  of  large  size,  were  found  and  eliminated.  Scarcely 
any  one  of  the  analysts  escaped  making  these  errors,  showing  that 
they  are  not  unconunon. 

It  might  be  well  to  add  at  this  place  also  that,  when  the  authors  of 
this  report  checked  over  the  results  published  in  their  prdiminajy 
account^  with  a  calculating  machine,  some  minor  errors  were  found. 
While  it  is  probable  that  errors  have  been  reduced  to  a  minim^^Tin 
in  the  present  report  thru  the  use  of  a  calculating  machine  yet,  in 
spite  of  the  care  taken,  it  is  improbable  that  the  fallibility  of  man 
has  been  entirely  overcome. 

^  See  footnot  on  p.  148. 
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Ccurds  obtained. —  An  examination  of  the  summary  table  (Table 
LXVI)  will  show  the  size  of  the  average  ''coimts"  obtained  from 
each  sample.  The  miscellaneous  character  of  the  samples  is  shown 
by  the  fact  that  five  samples  (Nos.  3, 5, 18, 21,  and  22)  gave  "counts" 
well  within  the  limits  prescribed  for  certified  milk.  Five  additional 
samples  (Nos.  1, 2, 4, 8,  and  17)  gave  ''counts"  less  than  the  60,000 
limit  prescribed  in  the  State  Sanitary  (Dode  ^  for  Grade  A  raw  milk. 
Four  others  (Nos.  6,  7,  9,  and  16)  gave  "counts"  in  excess  of  60,000 
but  less  than  the  200,000  limit  prescribed  for  Grade  B  raw  milk.  Of 
the  remaining  market  milk  samples,  three  (Nos.  10, 19,  and  20)  would 
necessarily  fall  into  the  Grade  C  class  as  they  gave  a  "count"  in 
excess  of  200,000.  Samples  Nos.  11,  12,  13,  14,  and  15  also  gave 
very  high  "coimts,"  as  was  expected  from  the  methods  of  prepara- 
tion us^.  The  series  as  a  whole,  therefore,  included  fresh  milk  of 
all  grades  and  of  a  truly  representative  character. 

Tlie  detailed  records  will  be  found  in  Tables  XLI  to  LXV.  In 
examining  these  it  has  been  found  that  12  of  the  maximum  "counts" 
were  made  by  Ithaca  analysts  (F,  G,  and  I),  and  seven  by  Geneva 
(B,  C,  D,  and  E)  analysts.  On  the  other  hand,  18  out  of  19  of  the 
minimum  "counts"  were  reported  by  Geneva  men.  This  discrepancy 
caused  an  investigation  of  possible  reasons  which  led  to  the  use  of 
a  common  lot  of  agar  containing  lactose  with  a  consequent  improve- 
ment (Series  B),  but  not  an  entire  elimination  of  this  tendency  to 
secure  low  "coimts"  at  Geneva.  This  tendency  later  entirely  disap- 
peared (Series  C)  with  a  standardization  of  the  methods  used  in  pre- 
paring the  dilution  waters  and  the  more  thoro  rinsing  of  the  one  mark 
pipettes. 

Even  a  casual  examination  of  the  "counts"  given  in  Tables  XLV 
to  LXY  will  show  that  these  results  are  more  variable  than  are  those 
which  were  obtained  from  Series  B  and  C.  A  fair  comparison  can 
be  made  for  example  between  the  results  reported  for  Sample  No.  10 
in  Series  A  (Table  LIII)  with  the  results  obtained  from  Samples 
No6.  2,  3,  and  4  in  Series  B  (Table  XIX).  Altho  the  final  average 
"count"  for  Sample  No.  10,  Series  A  is  285,000,  one  of  the  12 
''counts"  from  which  this  average  is  computed  is  as  low  as  137,000, 
while  the  highest  "  count "  is  427,000.  On  the  other  hand,  while  the 
average  "count"  for  Samples  Nos.  2,  3,  and  4,  Series  B,  is  346,000, 
the  lowest  of  the  36  "counts"  included  in  the  average  is  301,000, 
while  the  highest  is  420,000. 

Even  the  results  secured  from  the  samples  containing  a  miscel- 
laneous flora,  which  were  included  in  Series  B  and  C  (see  Tables 
LXIV  and  LXV),  were  more  regular  than  those  obtained  from  Sample 
No.  18  (Table  LXI).  All  of  these  were  very  high  grade  fredi  milk, 
containing  very  small  numbers  of  bacteria. 

>  The  Sanitary  Code  established  by  the  PubHo  Health  Gouiunl  of  the  State  of 
New  York  Chapter  III,  Milk  and  Cream,  1914 
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The  latter  oompanBon  indicates  that  the  greater  regularity  in 
results  secured  in  Series  B  and  C  was  partially  due  to  the  improve- 
ment in,  and  standardization  of  the  technique.  Much,  however,  of 
the  regidarity  of  Series  B  and  C  is  evidently  due  to  the  fact  that  the 
bactenJEd  flora  was  of  a  type  that  favored  regular  results. 

It  should  be  noted,  in  conclusion,  that  even  the  irregular  ^'counts'' 
from  Series  A,  secured  as  they  were  by  unstandardized  and  quite 
variable  technique,  are  more  r^ular  than  the  "  counts  "  which  were 
reported  by  Conn\  in  which  a  standardized,  but  simplified  routine 
technique  was  used  (Breed  and  Stockmg).' 

b.  MICROSCOPIC   COX7NT8 

Technique  used. — Only  three  of  the  men  who  participated  (A,  B, 
and  D)  in  these  analyses  had  ever  previously  attempted  to  ooake 
microscopic  ''counts"  from  a  series  of  samples.  Duplicate  micro- 
scopic preparations  were  made  from  each  sample,  which  were  usually 
recounted  by  a  second  analyst.  One  hundred  fields  of  the  microscope 
were  coimted  in  many  cases,  but  where  the  bacteria  were  numerous 
this  was  impracticable.  The  experienced  men  adjusted  their  micro- 
scopes so  that  the  amount  of  milk  e3camined  in  each  field  was  1/300,000 
cc.  The  inexperienced  men  usuaUy  used  a  higher  magnification, 
and  did  not  adjust  their  microscopes  so  as  to  get  a  simple  factor  for 
multipUcation.  In  some  cases  the  factor  used  was  not  recorded, 
and  there  being  no  record  of  the  number  of  bacteria  or  groups  of 
bacteria  seen,  it  was  impossible  to  determine  the  amount  of  milk 
actually  examined  per  field.  It  probably  was  between  1/500,000 
and  1/300,000  cc.  in  aU  cases. 

Counts  obtained. — ^In  view  of  the  conditions  under  which  these 
microscopic  ''counts''  were  made,  it  is  not  surprising  to  find  that 
they  are  variable  and  evidently  inaccurate  in  many  cases.  The 
most  regular  of  the  "counts''  were  obtained  from  Samples  Noe.  11 
and  12  (Tables  LIV  and  LV),  where  the  conditions  favored  this  type 
of  counting. 

The  most  significant  of  the  results  secured  from  the  microscopic 
examination  were  data  regarding  the  size  of  the  groups  of  bacteria 
that  were  present  in  these  miscellaneous  samples.  The  average 
size  of  these  groups  is  given  in  the  5th  column  of  the  summary 
Table  LXVI.  From  this  record  it  wUl  be  seen  that  the  average 
number  of  individuals  per  group  varied  in  the  21  samples  from  1.06 
to  25.4;  or  from  2.7  to  18.0  in  the  17  samples  which  may  be  r^arded 
as  typical  of  ordinary  herd  or  market  mUk.  These  average  figuree, 
moreover,  do  not  tell  the  whole  story,  for  they  do  not  show  the 
range  of  variation  in  size  of  chimps.    This  is  indicated  roughly  by 

'  See  footnote  on  p.  140. 
*  See  footnote  on  p.  14& 
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the  ''notes''  given  with  Tables  XLV  to  LXV.  In  these  are  indicated 
the  number  of  groups  per  sample  which  contained  10  or  more 
individuals.  These  records  are,  however,  incomplete  as  the  analysts 
did  not  always  record  the  presence  of  groups  of  this  size. 

It  will  be  seen  from  these  notes  that  the  laigest  groups  were  found 
in  Sample  No.  13  (Table  LVI)  which  was  a  hig^  grade  milk  incubated 
at  37^  C.  for  24  hours  before  it  was  tised.  The  large  groups  were 
in  reality  minute  compact  colonies  containing  thousands  of  individual 
bacteria,  and  all  of  the  largest  groups  were  of  micrococci  presumably 
of  udder  origin.  Apparently  but  one  of  the  analysts  chanced  to 
find  any  of  the  large  groups  in  the  fidds  examined  and  counted. 
However,  all  of  the  men  noted  the  presence  of  these  masses  of  bacteria, 
as  they  were  large  enough  to  be  readily  visible  even  under  a  low  power 
lens.  The  large  sized  groups  probably  broke  apart  to  quite  an  extent 
in  making  the  dilutions  for  the  agar  plates,  as  the  group  ''counts" 
from  this  sample  are  usually  much  smaller  than  are  the  agar  plate 
''counts."  Because  of  the  fact  that  there  were  also  many  isolated 
bacteria  and  small  clumps  present,  the  average  group  in  tins  sample 
contained  only  4.4  individuals. 

The  laigest  average  size  of  group  was  found  in  Sample  No.  14. 
This  milk  was  prepared  by  mixing  about  equal  quantities  of  herd 
milk  and  of  milk  from  a  cow  ^oee  udder  was  known  to  be 
infected  with  streptococci.  In  this  way  milk  was  secured  which  was 
practically  identical  in  appearance  with  nimierous  samples  of 
streptococcus-infected  milk  foimd  in  the  microscopic  examination 
of  Geneva  market  milk.  Practically  no  bacteria  were  present  in 
this  milk  other  than  long  chain  streptococci,  and  few  of  the  chains 
contained  less  than  10  individual  coed.  As  some  groups  contained 
hundreds  of  coed  and  as  they  were  very  uneven^  distributed  in 
the  microscopic  preparations  it  is  not  surprising  to  find  that  the 
"counts"  of  individual  bacteria  varied  from  61,600,000  per  cc.  to 
302,700,000  per  cc.  The  plate  "counts"  were  inclined  to  be  low 
and  scarcely  larger  than  the  group  "counts,"  tho  the  fact  that  one 
analyst  (G)  succeeded  in  getting  agar  plate  "counts"  with  mudi 
larger  numbers  of  colonies  on  them  than  did  the  other  men  raises 
the  suspidon  that  the  agar  used  by  this  man  was  more  suited  for 
growing  streptococd  than  the  agars  used  by  the  other  men.  It 
seems  hkeiy  from  this  that  the  low  agar  plate  "coimts"  were  caused 
as  much  by  the  failure  of  the  organisms  to  grow  as  by  the  clumping 
in  masses. 

As  it  may  be  contended  that  Sample  No.  14  really  was  abnormal 
in  character  it  is  worth  noting  that  one  of  the  10  samples  of  Ithaca 
market  milk,  picked  out  at  random  without  any  knowledge  as  to  its 
probable  flora,  also  contained  large  numbers  of  long  chain  streptococci. 
This  sample  (No.  17)  contained  a  mixed  flora  in  addition  to  the  strep- 
tococci,  so  that,  whereas  the  chains  of  streptococd  were  fuUy  as  long 
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as  those  in  Sample  No.  14,  the  average  group  contained  only  18.6 
individuals.  The  effect  of  the  presence  of  these  masses  of  bacteria 
on  the  "counts"  from  Sample  No.  17  was  similar  to  tiiat  noted  for 
Sample  No.  14.  The  individual  "counts"  were  very  irregular, 
varying  from  less  than  5,000,  in  the  case  of  one  analyst  who  did 
not  chance  to  find  any  bacteria,  to  1,140,000  per  cc.  in  the  case 
of  another  analyst  who  chanced  to  find  a  relatively  large  sized  group. 
The  agar  plate  "counts"  for  this  sample  are  likewise  irregular,  and 
all  of  the  analysts  who  used  an  agar  containing  lactose  secured 
'•counts"  which  were  decidedly  larger  than  those  obtained  by  the 
analysts  who  used  an  agar  containing  no  sugar.  This  indicates,  as 
before,  that  the  failure  of  some  of  the  organisms  to  grow  help^  to 
cause  discrepancies  in  the  "counts." 

As  a  contrast  to  the  "counts"  from  the  samples  which  contained 
large  masses  of  bacteria,  the  "counts"  from  Samples  Nos.  11  and  12 
ai^  instructive.  Sample  No.  11  was  inoculated  with  an  organism 
of  the  bulgaricus  group  known  to  grow  poorly  on  ordinary  agars, 
and  to  form  very  tiny  colonies.  Likewise  it  was  known  to  be  a 
large  rod  which  usually  occurred  in  milk  as  isolated  individuals. 
As  was  expected,  the  individual  microscopic  "counts"  were  scarcely 
larger  than  the  group  "counts."  The  microscopic  "coimts"  were 
more  irregular  than  might  have  been  expected  from  the  even  dis- 
tribution of  the  bacilU  in  the  milk;  but  this  was  due  apparently  to 
the  fact  that,  whereas  the  granules  in  the  rods  stained  well,  the 
rods  themselves  stained  poorly  in  the  methylene  blue.  As  some 
rods  contained  few  or  no  granules,  they  were  easily  overlooked.  In 
other  cases  the  granules  were  so  deeply  stained  and  so  regular  in  size 
that  one  analyst  (the  man  who  had  originally  isolated  and  studied 
this  culture)  mistook  the  granules  for  chains  of  cocci,  and  coimted 
the  individual  granules  instead  of  the  rods.  When  this  was  discovered 
a  recount  was  made.  These  things  are  mentioned  merely  to  show 
how  difficult  it  is  to  interpret  bacterial  "  counts  "  of  any  sort  witiiout 
a  knowledge  of  all  of  the  significant  facts. 

The  agar  plate  "counts"  from  this  sample  were  also  irregular, 
one  analjrst  merely  reporting  a  "count"  of  the  extraneous  colonies 
other  than  the  tiny,  almost  microscopic,  colonies.  The  others 
attempted  to  estimate  the  numbers  of  the  tiny  colonies  present,  but 
evidently  failed  to  find  all  that  probably  were  present  in  many 
cases. 

Sample  No.  12  was  of  milk  inoculated  with  a  colon  organism,  and 
the  regularity  of  the  "counts"  secured  was  responsible  for  the  use 
of  similar  samples  in  Series  B  and  C.  Both  microscopic  sUdes  and 
agar  plates  presented  very  favorable  conditions  for  regular  and 
accurate  coimting. 

Sample  No.  15  gave  simply  enormous  "counts"  both  by  the  plate 
and  by  the  microscopic  methods.    This  was  a  butter  stiu1;er  taken 
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just  as  it  curdled.  In  fact,  some  of  the  samples  curdled  during  the 
process  of  preparing  them  for  the  plates  and  slides,  thereby  making 
it  impossible  to  get  accurate  counts.  The  results  given  are  really 
very  crude  estimates  of  numbers,  r^ardless  of  the  method  used,  and 
are  remarkable  for  their  regularity  imder  these  conditions.  The 
agar  plates  from  which  the  ''coimts"  were  made  contained  from  one 
to  three  thousand  colonies,  and  these  ^'counts''  are  doubtless  too 
low.  The  bacteria  in  the  microscopic  preparations  were  so  numerous 
that  they  overlaid  one  another.  It  was,  therefore,  impossible  to 
count  even  one  microscopic  field  accurately,  and  the  most  that  was 
done  was  to  count  portions  of  one  to  five  fields,  and  make  estimates 
of  the  niunbers  present  in  the  whole  field.  Because  of  the  even 
distribution  of  the  bacteria,  these  estimates  were  more  regular  than 
might  have  been  expected.  As  the  bacteria  were  practically  all 
Bacterium  lactis  addi,  the  average  group  contained  few  individuals. 

At  the  time  that  these  "counts"  were  made,  it  was  felt  that, 
for  some  reason,  a  very  unusual  butter  starter  had  been  selected 
which  contained  more  bacteria  than  are  normally  present  in  uncurdled 
milk.  Later  work,  now  in  process  of  publication^  has  shown,  how- 
ever, that  milk  souring  with  a  normal  lactic  acid  fermentation 
invariably  develops  billions  of  bacteria  per  cc.  before  ctirdling 
occurs. 

If  the  microscopic  "counts"  from  the  remaining  samples  are 
examined  in  equal  detail,  it  will  be  seen  that  they  present  intermediate 
conditions  between  the  more  regular  results  obtained  from  the 
samples  containing  the  evenly  distributed  and  usually  isolated  bac- 
teria and  the  more  irregular  results  from  the  samples  containing  the 
long  chain  streptococci.  In  other  words,  the  results  of  these  micro- 
scopic "counts"  show  clearly  that  conditions  in  the  samples  them- 
selves may  play  a  large  part  in  determining  whether  accurate 
"counts"  can  be  made. 

C.  COICPABISON  BETWEEN  THE  AGAR  PLATE  AND  MICROSCOPIC  COUNTS 

The  most  important  results  secured  from  the  comparison  of  the 
two  types  of  counts  have  already  been  indicated  in  the  discussion 
d  the  microscopic  "counts."  In  almost  every  case  where  marked 
discrepancies  in  the  two  t3rpe8  of  "counts"  were  found,  it  was 
possible  to  find  a  reasonable  explanation  of  the  discrepancy.  Thus, 
sometimes  the  microscopic  examination  revealed  the  presence  of 
masses  of  bacteria  of  such  compact  nature  that  they  undoubtedly 
failed  to  break  up  completely.  In  other  cases,  the  plates  themselves 
gave  evidence  that  some  of  the  Uving  bacteria  had  failed  to  develop 
into  colonies.    In  general,  however,  it  was  the  occurrence  of  the 

^  Baker,  J.  C,  Brew,  J.  D.  and  Coniip  H.  J.  Relation  between  lactic  acid  produc- 
tion and  bacterial  growth  in  the  Bouring  of  milk.  N.  Y.  Agr.  Exp.  Sta.,  Teeh. 
BiiL74.    1919. 
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bacteria  in  groupB  whieh  apparently  caused  the  plate  "counts"  to 
be  less  than  the  probable  number  of  bacteria  present. 

The  average  plate  "counts"  were  larger  than  the  group  "counts'' 
in  13  of  the  21  samples  (see  Table  LXVI).  In  no  case  did  the  plate 
"count"  exceed  the  individual  "count"  made  from  the  same 
sample.  Thus  the  plate  "counts,"  ordinarily,  were  intermediate  in 
sise  between  the  two  microscopic  "counts,"  as  was  to  be  expected 
from  theoretical  considerations. 

DISCUSSION  AND  CONCLUSIONS 

The  results  secured  indicate  that  skilled  analysts,  using  proper 
technique,  ordinarily  obtain  reasonably  accurate  estimates  of  the 
number  of  Uving  bacteria  in  cubic  centimeter  samples  of  milk  by 
the  plate  method  provided  the  milk  contains  isolated  organisms  of 
a  type  capable  of  ^wth  on  agar  under  the  conditions  maintained. 

The^  likewise  indicate  that  estimates  of  the  numbers  of  living 
bacteria  and  of  the  groups  of  bacteria  can  be  made  with  equal  accu- 
racy by  direct  microscopic  examination  provided  there  are  neither 
large  clumps  of  bacteria  nor  dead  bacteria  present. 

These  stotements  are  based  on  the  fact  that,  under  the  favorable 
conditions  maintained  in  Series  B  and  C,  six  analysts  obtained 
"counts"  or  "estimates"  of  the  number  of  bacteria  from  duplicate 
samples  of  milk  by  the  use  of  the  asar  plate  technique  and  by  direct 
microscopic  examination  which  snowed  good  agreement  among 
themselves,  which  had  a  coefficient  of  variability  imder  15,  and 
which  met  all  other  checks  upon  their  accuracy  in  such  a  way  as  to 
establish  their  true  accuracy  with  reasonable  certainty. 

Because  of  the  presence  of  clumps  of  bacteria,  the  agar  plate 
"counts"  were  in  ecMsh  case  less  than  the  true  number  of  individual 
bacteria  present. 

It  being  self  evident  that  these  accurate  estimates  were  obtained 
under  conditions  much  more  favorable  than  those  ordinarily  present, 
the  question  naturally  arises  whether  the  inaccuracies  in  "counts" 
under  ordinary  conditions  are  sufficient  to  destroy  the  value  of 
bacterial  detenninations.  This  question  cannot  be  answered  wiUi 
entire  satisfaction  even  with  the  data  gathered  in  this  and  in  previous 
investigations;  but  certain  facts  are  evident  as  the  result  of  the  work 
done  on  the  series  of  miscellaneous  samples. 

There  has  been  a  general  feeling  in  the  past  that  the  errors  in 
plate  "counts"  which  were  of  the  greatest  significance  were  thoee 
mtroduced  thru  the  failure  to  prepare  media  of  the  correct  reaction 
or  composition,  thru  the  failure  to  use  proper  incubation  tempera- 
tures, or  thru  spreading  colonies,  overcrowding. of  colonies,  and  the 
like.  Much  attention  has  been  given  to  the  standardization  oi 
technique  in  order  to  reduce  tiie  known  difficulties  to  a  minimum. 
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Nevertheless,  it  does  not  seem  probable  that  the  erroFS  caused  hy 
these  things  are  so  generally  present  or  so  irregular  as  those  caused 
by  the  occurrence  of  the  bacteria  in  groups  of  different  average  sises. 
As  is  clearly  evident  from  Series  A,  it  is  not  at  all  imcommon  to  find 
that  one  milk  contains  bacteria  occurring  in  groups  averaging  two 
individuals  per  group,  while  another  contains  bacteria  occurring  in 
groups  averaging  four,  six  or  even  more  individuals.  Large  errors  in 
count  caused  in  this  way  must  be  the  rule  rather  than  the  exception. 
The  latter  errors  could  be  eliminated  if  some  method  could  be  devised 
whereby  the  groups  could  be  broken  into  their  component  individuals 
before  the  plates  were  prepared,  and  recent  discussions  of  the  plating 
technique  emphasize  the  necessity  of  shaking  the  samples  in  a  stand- 
ardized way.  Bacteria  have  so  little  weight,  however,  in  proportion 
to  their  surface  that  hand  shaking  can  have  but  little  effect  upon  the 
compact  climips. 

The  most  disquieting  feature  of  the  errors  introduced  by  the  clump- 
ing of  the  bacteria  is  the  fact  that  they  may  be  highly  variable^ 
and  yet  pass  undetected.  It  is  reassuring  to  secure  a  series  of  plate 
''counts"  from  duplicate  samples  of  milk  which  are  in  close  agree- 
ment; and  especially  so  if  the  analyses  are  made  in  different  labora- 
tories. However,  the  feeling  that  the  "counts"  aro  accurate  passes 
away  at  once  as  soon  as  microscopic  studies  are  made,  and  it  is  f  oimd 
probable  that  some  of  the  "counts"  are  affected  by  a  100  per  cent 
error,  others  by  a  200  per  cent  error,  and  still  others  by  a  1,000 
per  cent  error,  none  of  which  are  indicated  in  any  way  in  the  plate 
"counts." 

It  is  natural  to  feel  that  a  milk  sample  giving  a  plate  ''count"  of 
40,000  per  cc.  actually  contains  fewer  bacteria  than  a  milk  sample 
giving  a  plate  "count"  of  60,000  per  cc.  Yet  comparative  studies 
indicate  that  the  chances  are  at  least  as  great  as  one  out  of  three 
that  milk  giving  a  plate  "count"  of  50,000  actually  contains  fewer 
bacteria  than  milk  giving  a  plate  "count"  of  40,000.  The  chance 
that  the  lower  "count"  signifies  larger  numbers  of  bacteria  becomes 
less  and  less  as  the  margin  between  the  "counts"  becomes  greater. 
If  one  can  judge  from  the  records  already  available  giving  the  average 
sise  of  the  groups  of  bacteria  in  miscellaneous  samples  of  milk,  a 
margin  of  one  to  five  is  usually  sufficient  to  eliminate  any  chance 
that  the  lower  "coimt"  represents  the  greater  number  of  bacteria; 
but  even  this  margin  does  not  appear  to  be  sufficient  to  cover  the 
errors  introduced  thru  the  clumping  of  streptococci. 

In  contrast  to  these  errors  in  plate  "counts,"  caused  by  the 
difficulties  involved  in  devising  a  perfect  technique,  the  greatest 
difficulties  met  with  in  making  accurate  microscopic  "counts"  are 
those  which  involve  the  skill  and  patience  of  the  analyst.  Thus,  in 
the  present  work,  it  was  not  until  the  last  series  of  analyses  were 
made  that  the  men  without  previous  experience  realized  these  limi- 
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tations  of  the  microscopic  technique,  and  not  until  then  did  the  work 
of  all  of  the  men  begin  to  have  precision  and  accuracy.  In  this  series 
(C)  the  coefficient  of  variabiUty  of  the  microscopic  "counts"  was 
reduced  to  a  figure  comparable  with  that  obtained  from  the  plate 
"counts,"  i.  e.,  less  than  15. 

Because  the  "counts"  were  made  by  two  methods,  it  was  ordinarily 
possible  to  detect  conditions  unfavorable  to  accurate  work.  Thus 
the  microscope  always  showed  what  the  conditions  really  were  in 
regard  to  the  size  of  the  groups  and  the  types  of  bacteria  present, 
while  the  agar  plates  showed  the  number  of  centers  of  growth  capable 
of  development  under  the  conditions  maintained.  Gross  discrep- 
ancies in  the  "counts,"  not  explainable  thru  the  presence  of  clumps, 
suggested  the  presence  of  dead  bacteria,  or  of  living  bacteria  not 
Qapable  of  growth  on  the  plates.  The  fact  that  interpretations  of 
this  sort  were  possible  shows  that  it  would  be  an  excellent  practice 
for  analysts  to  make  "coimts"  of  both  sorts  wherever  especially 
accurate  results  are  desired.  Under  such  conditions,  care  should  be 
taken  to  make  the  "counts"  by  more  precise  methods  than  those 
used  in  ordinary  routine  work. 

No  attempt  has  been  made  in  the  present  work  to  measure  the 
inaccuracies  introduced  thru  the  use  of  simplified  or  careless  pro- 
cedures. It  is  self  evident,  however,  that  reduction  in  the  number 
of  agar  plates  per  sample,  reduction  in  the  number  of  dilutions  used, 
the  use  of  a  single  high  temperature  for  incubation,  rapid  counting 
of  plates  by  a  single  person,  or  even  rapid  computation  of  final  results 
introduce  chances  of  error. 

,  Likewise,  in  making  microscopic  examinations,  large  errors  in 
counts  may  be  caused  by  inaccurate  calibration  of  pipettes,  incorrect 
standardization  of  the  microscope,  poor  preparations,  lack  of  care 
and  experience  in  the  examination  of  the  slides,  and  mistakes  in 
counting  and  computation  of  results. 

Some  idea  of  the  inaccuracies  introduced  by  the  use  of  a  simplified 
agar  plate  technique  may  be  gained  by  comparing  the  results  secured 
in  Series  A  with  those  secured  in  the  series  of  analyses  discussed  by 
Conn.^  There  is  no  method  by  which  really  satisfactory  compari- 
sons can  be  made  in  this  case;  but  a  mere  examination  of  the  r^u- 
larity  of  the  results  will  show  that  there  is  much  less  hannony  in 
the  results  secured  by  the  rapid  routine  methods. 
,  The  evident  inaccuracies  in  the  latter  "counts"  are  so  great  that 
several  bacteriologists  have  raised  the  question  whether  bacterio- 
logical counting  methods  can  be  made  sufficiently  accurate  to  justify 
their  use  in  grading  milk.  The  authors  of  the  present  report  feel, 
however,  from  the  results  obtained,  that  the  methods  we  now  have 
can  be  used  with  sufficient  accuracy  to  satisfactorily  separate  milk 
into  as  many  as  three  or  possibly  four  grades  on  tiie  basis  of  liie 

^  See  footnote  on  p.  146. 
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number  of  bacteria  present.  This  may  well  be  true  even  tho  neither 
the  agar  plate  nor  the  direct  microscopic  method  can  be  made  to 
3rield  accurate  counts  of  tiie  individual  bacteria  present  when  used 
to  examine  large  numbers  of  miscellaneous  samples  of  market  milk. 

As  a  matter  of  fact,  the  necessity  for  exact  coimts  is  frequently 
overemphasised.  Exact  counts  are  really  of  little  importance  in 
grading  milk.  The  man  who  takes  in-  the  milk  at  a  receiving  station 
can  make  much  use  of  information  telling  him  the  grade  of  milk  that 
he  is  handling,  and  can  make  little  greater  use  of  information  showing 
that  John  Smith's  milk  gave  a  plate  "cotmt"  of  79,000  per  cc, 
while  Peter  Johnson's  gave  a  "count"  of  53,000.  Likewise,  the 
control  of&cial  is  more  interested  in  the  approximate  number  of 
bacteria  showing  the  grade  of  milk  supplied  by  any  particular  dealer, 
than  he  is  in  knowing  that  a  given  sample  of  nulk  gave  a  plate 
"count"  of  42,000  per  cc. 

In  many  places  exact  information  regarding  the  number  of  colonies 
developed  on  agar  plates  per  cc.  of  milk  can  be  used  to  good  advan- 
tage, but  it  is  dangerous  information  to  put  in  the  hands  of  men  who 
do  not  understand  the  limitations  of  this  technique.  For  the  purpose 
of  grading  milk  into  three  or  four  classes,  exact  mf ormation  as  to  the 
niunber  of  individual  bacteria  present  is  no  more  essential  than  is  a 
knowledge  of  the  exact  number  of  trees  per  acre  of  woodland  to  an 
aviator  in  order  that  he  may  distinguish  between  wooded  areas,  par- 
tially wooded  areas,  and  treeless  areas.  Yet  the  latter  knowledge 
is  all  that  he  needs  in  order  to  select  a  treeless  area  in  which  to  make 
a  safe  landing. 

The  proof  that  milk  grading  can  be  carried  out  with  a  fair  degree 
of  accuracy  without  making  exact  coimts  is  not  yet  extensive, 
and  this  matter  should  be  tested  much  more  completely  than  it  has 
been.  Some  data  have  been  reported  by  Breed  and  Brew^  which 
may  be  summarized  briefly  as  follows: 

a.  Two  analysts  working  under  commercial  conditions  in  a  labora- 
tory maintained  by  one  of  the  large  New  York  City  milk  distributing 
companies  agreed  in  their  classification  of  1339  out  of  1504  miscel- 
laneous samples  of  impasteurized  milk  into  two  classes  where  one 
analyst  used  the  microscopic'and  the  other  the  agar  plate  technique. 
This  was  an  exact  agreement  in  grade  of  89.03  per  cent,  tho  the 
technique  used  both  for  the  microscope  and  agar  plates  was  of  a 
simplified  character. 

b.  When  conditions  were  made  more  severe  thru  a  division  of  the 
milk  into  three  classes,  in  place  of  two,  and  one  analyst  made  both 
examinations  by  more  careful  methods,  an  exact  agreement  in  grade 
was  secured  in  587  out  of  643  samples  (91.29  per  cent  of  agreement). 

It  is  evident  that,  wherever  harmony  in  results  was  secured,  it  is 

^Breed,  R.  S.  and  Brew,  J.  D.  The  control  of  bacteria  in  market  milk  by  direct 
microBCOpic  examination.    N.  Y.  Agr.  Ej^.  Sta.,  BuL  443.    1917. 
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probable  that  the  milk  was  oorrectty  graded.  Wherever  the  grades 
did  not  agree,  the  milk  must  have  been  incorrectly  placed  by  one  or 
the  other  technique.  The  fact  that  a  si^iificant  percentage  of  error 
was  found  where  the  milk  was  separated  into  only  three  classes  with 
careful  technique  indicates  that  large  percentages  of  .error  in  grade 
must  occur  where  the  attempt  is  made  to  separate  the  milk  with 
less  accurate  technique  into  larger  numbers  of  classes.  It  is  mani- 
festly absurd  to  attempt  to  grade  milk  into  a  larger  number  of  classes 
than  the  accuracy  of  the  analytical  methods  mil  justify.  Wherever 
methods  are  abbreviated,  there  always  arises  the  danger  of  sacrificing 
accuracy* 

Further  comparative  analyses  of  the  type  just  reported  should  be 
made  at  once  as  the  problem  is  an  important  one  to  New  York 
State  dairymen.  The  principle  of  paying  for  milk  on  the  basis  of 
quality  is  fundamentally  correct,  and  everything  possible  should 
be  done  to  foster  this  custom. 
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X.  Samples  of  fresh  milk  dmwn  asepticaUy  from  separate  qi^ 
of  the  udder  have  been  studied  to  determine  their  true  reaction, 
the  number  of  leucocytes  present,  the  amount  of  epiflielial  cell 
debris,  and  the  presence  or  absence  of  streptococci  The  samples 
were  obtained  £rom  animals  in  three  separate  herds,  including 
Jerseys,  Holsteins,  and  grade  Hdsteins. 

2.  A  fairly  close  relationsh^l  has  been  found  to  exist  between 
decreasing  hydrogen  ion  concentration  of  the  fresh  milk  and  increase 
in  numbers  of  leucocytes.  Samples  containing  large  numbers  of 
leucocytes  usually,  tho  not  invariably,  contained  streptococci  as 
weU.  The  less  acid  milks  were  also  found  to  contain  an  irregularly 
increasing  amount  of  epithelial  cell  debris. 

3.  These  conditions,  combined  with  the  chemical  relationships, 
support  the  idea  that  the  decreased  hydrogen  ion  concentration  is 
caused  primarily  by  the  entrance  of  the  albdine  substances  of  the 
blood  into  the  milk;  and  that,  accompanying  this  entrance  of  alkaline 
substances,  there  is  a  partial  entrance  of  the  other  substances  found 
in  blood  serum.  The  entrance  of  wholly  unchanged  serum,  however, 
does  not  appear  to  occur  until  actual  disintegration  of  the  tissues 
begins. 

4.  From  the  biological  standpoint,  the  conditions  can  be  explained 
in  the  majority  of  the  samples  examined  by  assuming  fliat  this 
entrance  into  the  milk  of  only  partially  elaborated  blood  serum 
is  caused  by  the  streptococcic  infection.  Accompanying  this  serous 
exudate,  there  would  very  naturally  be  an  increased  entrance  of 
leucocytes  thus  explaining  the  relationship  between  the  reaction 
and  the  numbers  of  leucocytes  noted  above.  As  the  process  con- 
tinued the  epithelial  cell  debris  would  increase  by  disfaitegration 
of  tiie  glandular  epithelium. 

*  Rqvmt  of  Teohnical  BuUetm  Na  80,  July  1920.  Also  appean  in  ooodenoed  form 
in  Jour.  BioL  Chem.  43t  221-235.    1920. 
t  Fonnerly  Aasooiate  Chemist  at  this  Station. 
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INTRODUCTION 

In  a  previous  bulletin^  it  has  been  shown  that  certain  relations 
exist  between  the  reaction  of  apparently  normal  milk  and  its  chemical 
composition,  and  brief  reference  is  made  to  the  relation  between  the 
reaction  of  milk  and  the  presence  of  leucocytes  and  streptococci. 
In  conclusion,  it  is  stated  that  the  conditions  are  such  that  they 
support  the  idea  that  the  low  hydrogen  ion  concentration  occasionally 
found  in  freshly  drawn  milk  is  due  to  the  presence  of  blood  serum 
in  the  milk.  Because  of  the  importance  of  this  suggestion  in  explain- 
ing bacteriological  and  physiological  problems,  the  biological  data 
that  have  a  bearing  on  this  theory  are  discussed  in  the  present  bulletin. 

It  is  well  known  that  under  abnormal  conditions,  not  only  blood 
serum,  but  blood  itself  may  enter  without  change  into  milk  as  secreted. 
In  some  cases,  the  blood  enters  because  of  hemorrhages  due  to 
injury  or  natural  rupture  of  blood  vessels,  but  in  other  cases  the 
blood  enters  because  of  pathological  conditions  that  are  caused  by 
specijSc  bacterial  infections.  The  commonest  of  the  pathogenic 
organisms  that  cause  the  breaking  down  of  the  glandular  tissue  are 
the  pathogenic  streptococci,  and  this  type  of  infection  is  the  only 
one  that  has  been  studied  during  the  present  investigation.  It  should 
not  be  forgotten,  however,  that  pathogenic  staphylococci,  organ- 
isms of  the  colon  group,  Bacillibs  pyogenes,  the  organism  of  bovine 
tuberculosis,  and  species  of  Actinomyces  have  all  been  described  as 
causing  similar  infections.^  Recently,  attention  has  been  called 
to  infections  of  the  udder  with  Bacterium  abortus,^ 

It  has  been  abundantly  established  by  a  comparison  of  the  composi- 
tion of  blood  serum  and  of  normal  milk  that  the  nutrient  materials 
of  the  latter  are  quite  different  from  those  of  the  former.  Normal 
milk  solids  are  the  products  of  the  secretory  activity  of  the  glandular 
epithelium.  The  cells  in  this  epithelium  secure  their  raw  materials 
from  the  blood  serum,  or  more  directly  from  the  lymph,  and  trans- 
form them  into  the  fats,  casein,  lactose,  and  other  soUds  of  the  milk. 
Few  substances  other  than  water  and  some  of  the  mineral  salts  pass 
imchanged  into  milk  during  normal  secretion. 

The  situation  in  regard  to  the  formed  elements  in  the  blood  such 
as  the  red  and  white  corpuscles  differs  from  that  just  discussed.  The 
red  cells  do  not  pass  into  the  milk  imder  normal  conditions,  while 
leucocytes  have  been  shown  to  be  so  universally  present  that  they 
must  be  regarded  as  a  normal  constituent  of  market  milk.^    The 

^  Van  Slyke,  L.  L.  and  Baker,  J.  C.    Conditions  caufiing  variation  in  the  reaction 
of  freshly-drawn  milk.  N.  Y.  Agr.  Exp.  Sta.  Tech.  BuL  70.    1919. 

*  Wall,  S.  translated  by  Crocker,  W.  J.    Mastitis  of  the  cow.    Philadelphia:  1918, 
pp.X+166. 

'  Schroeder,  E.  C.  and  Cotton,  W.  E.    The  bacillus  of  infectious  abortion  found 
in  milk.    U.  8.  Dept.  Agr.  Bur.  An.  Ind.  Rpt.  1911, 139-146.     1913. 

*  Breed,  R.  S.    Cells  in  milk  derived  from  the  udder.    N.  Y.  Agr.  Exp.  Sta.  BuL 
380,139-200.    1914. 
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numbers  of  these  leucocytes  are  highly  variable,  and  in  niilk  of  normal 
type  they  occasionally  occur  in  such  small  numbers  as  to  be  practi- 
cally absent.  Even  in  the  majority  of  samples  of  market  milk,  the 
numbers  of  these  leucocytes  is  not  large  as  compared  with  the  number 
present  in  the  blood,  i.  e.,  less  than  500  per  cmm.  for  the  majority  of 
milk  samples  as  compared  with  a  normal  of  7,500  per  cmm.  for  blood. 

Accompanying  these  leucocytes  in  milk,  there  are  small  numbers 
of  fat^laden  epithelial  cells  (so-called  colostral  corpuscles)  and 
nuclei,  which  represent  the  wastage  from  the  lining  epithelial  found 
in  the  alveoli  and  ducts  of  the  udder.  These  bodies,  of  course,  are 
not  found  in  blood. 

All  gradations  exist  between  evidently  abnormal  and  strictly 
normal  milk,  and  conditions  that  are  significant  in  interpreting  the 
phenomena  of  milk  secretion  are  found  in  this  intermediate  region. 
Many  samples  that  appear  normal  to  the  unaided  senses  show  evi- 
dences of  di^t  deviations  from  normal  by  chemical  or  microscopic 
analysis. 

PREVIOUS  STUDIES 

• 

Probably  the  first  worker  to  show  that  milk  from  infected  udders 
was  abnormal  in  chemical  composition  and  less  acid  in  reaction  than 
normal  milk  was  Storch.^  Similar  results  have  been  obtained  by 
several  later  investigations,  and  Rullmann'  has  shown  that  milk 
having  a  high  leucocytic  count  likewise  has  a  low  titriable  acidity. 
The  latter  author  sought  the  explanation  of  this  lowered  acidity 
in  the  presence  of  alkaJi-f orming  bacteria  that  more  than  counter- 
acted the  effect  of  the  acid-forming  streptococci,  but  could  find 
nothing  to  confirm  this  view. 

Fetzer'  also  discusses  the  changes  in  milk  caused  by  pathological 
conditions.  He  reaches  conclusions  essentially  the  same  as  those 
of  Storch. 

Hoy  berg,*  working  with  his  rosolic^acid-alcohol  test  for  deter- 
mining the  reaction  of  milk,  concludes  that  excessive  numbers  of 
leucocytes  in  milk  are  accompanied  by  a  lessened  acidity,  which 
he  believes  (as  does  Storch)  is  caused  by  the  passage  of  blood  serum 
into  milk  without  change.  He  finds  that  whereas  a  mixture  of  equal 
parts  of  cow's  blood  serum  and  normal  milk  gave  a  deep  red  reaction 
with   the  rosolic-acid-alcohol  reagent,   a  mixture  containing  five 

'  Storch,  V.  Analyse  der  Mflch  von  tuberculOsen  Ktkhea.  Abstract  in  Jahresber. 
d.  Thierchem.  14,  170-172.    1885.    Also  in  19,  157-158.     1889. 

>  Hullmann, W.  Uber  den  Enxym-  und  Streptokokkengehalt  aseptisch  entnommener 
Milcli.    Arch.  Hyg.  73,  81-144.    1911. 

'Fetier,  L.  W.  Original  communication,  8th  Intemat.  Cong.  Applied  Chem. 
(Washington  and  New  York)  19,  Sect  VlUd,  111-114.  1912.  Abstract  in  Exp. 
SU.  Rec.  27,  878.    1912. 

^Hdyberg,  H.  M.  Eine  Methode  sum  Nachweis  von  Ktkhen  deren  Milch  eine 
abnorme  Menge  von  Leukozyten  samt  Fibrinfasem  und  Bakterien  enth&lt.  Zeitschr 
f.  Fleisch-  u.  Milchhyg.  21,  13^-147.    1911. 
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parts  of  normal  milk  to  one  of  blood  serum  gave  a  normal  leaction 
for  milk.  He  regards  this  as  indicating  that  relatively  large  amounts 
of  unchanged  blood  serum  must  pass  into  milk  where  the  reaction 
is  decidedly  less  add  than  normal. 

Hoyberg's  test  is  made  by  adding  5.5  oc  of  his  rosolic-acid-alcoho] 
reagent  to  5  cc.  of  milk  in  a  test  tube.  The  color  obtained  is  compared 
witi^  a  color  chart.  The  reagent  is  prepared  by  adding  4.5  cc.  of  a 
1  per  cent  alcoholic  solutbn  of  rosohc  acid  to  5.0  cc.  of  96  per  cent 
alcohol.  Tho  he  gives  no  warning,  care  should  be  taken  that  the 
alcohol  is  acid  free. 

Bahr^  has  tried  Hoyberg's  test  and  reports  that  he  has  secured 
fairly  satisfactory  restdts  with  it  in  detecting  cows  giving  milk  with 
a  high  leucocyte  and  bacterial  content.  He,  like  Rullmann,  sought 
the  explanation  of  the  decreased  acidity  in  the  presence  of  alkali- 
forming  bacteria,  but  without  success.  He  comes  to  the  conclusion 
that  Hoyberg  is  mistaken  in  affluming  that  lai^  quantities  of 
unchanged  blood  serum  are  present  in  tiie  less  acid  nulk,  showing 
that  the  addition  of  sufficient  blood  serum  to  cause  the  observed 
changes  iii  reaction  introduces  an  improbable  amount  of  coagulable 
proteins.  He  seeks  the  explanation  of  the  lessened  acidity  in  the 
passage  of  tri-basic  sodium  phosphate  from  the  blood  into  the  nadlk 
without  change  into  mono-basic  phosphate. 

Turning  now  to  the  papers  dealing  with  the  relation  between  the 
leucocytes  and  the  streptococci,  we  find  practically  universal  agree- 
ment that  infections  of  the  udder  with  pathogenic  streptococci  are 
accompanied  by  the  presence  of  large  numbers  of  leucocytes  in  the 
milk.  This  literatiu^  has  already  been  reviewed*  and  need  not  be 
again  discussed  other  than  to  point  out  that  while  Russell  and 
Hoffmann'  found  a  practically  constant  relation  between  these  two 
things,  yet  they  noted  several  instances  where  high  ceU  counts 
occurred  without  detectable  infection  with  streptococci.  In  the 
two  cows  whose  milk  was  studied  dining  a  lactation  period  by 
Hastings  and  Hoffmann/  there  were  consistent  high  coimts  of  cells 
accompanied  by  a  streptococcic   infection.    The   latter,   however, 

Eroduced  no  evident  chs^ige  in  the  normal  appearance  of  the  milk. 
likewise,  in  the  work  on  cell  studies  previously  reported,*  tiie  hi»- 
tory  of  the  fluctuations  in  cell  content  of  the  mOk  of  a  cow  that  had 
recently  freshened  was  followed  for  24  days.    In  this  case,  tho  the 

^Bahr,  L.  Einige  Milchuntenuchungen  mit  besonderer  Ber&ckachtiguiig  des 
Wertes  der  Rosols&urealkoholprobe.  Zeitschr.  f .  Fleifloh-  u.  Milehyg.  24,  228-233, 
251-256.370-376,398-406,472-477.    1914 

*  See  footnote  4  on  p.  240. 

'  Runell,  H.  L.  and  Hoffmann,  C.  Distribution  of  oeD  dements  in  milk  and  their 
relation  to  sanitary  standards.    Wis.  Agr.  Exp.  Sta.  Rpt.  1907,  231-253. 

*  Hastings,  E.  G.  and  Hoffmann,  C.  Bacterial  content  of  the  milk  of  individual 
animals.    Wis.  Agr.  Ei^.  Sta.  Research  Bid.  6,  189-196.    1909. 

*  See  p.  167  of  reference  given  in  footnote  4  on  p.  240. 
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milk  contained  many  cells  at  some  milkings,  there  was  no  detectable 
infection  witib  streptococci.  The  milk  was  of  normal  appearance 
after  the  colostral  period  had  passed. 

Recent  work  hy  Cooledge^  suggests  that  some  of  the  cases  where 
high  ceQ  counts  have  been  obtained  in  milk  of  normal  appearance 
are  caused  by  infections  with  Bad.  abortus.  These  organisms  are 
not  so  readily  recognized  in  milk  as  are  the  streptococci,  and  are 
now  known  to  occur  quite  frequently  in  fresh  milk.  Purely  physio- 
logical disturbances  in  the  secretory  processes  such  as  occur  during 
the  cola^jral  period  may  also  cause  fluctuations  in  cell  coimts. 

TECHNIQUE 

In  the  present  work,  the  reaction  of  the  milk  has  ordinarily  been 
measured  by  the  use  of  the  brom-cresol-ptirple  test  described  by  Baker 
and  Van  Slyke.^  It  was  felt  that  this  would  be  a  more  delicate 
indicator  of  changes  of  reaction  of  normal  milk  than  the  rosolio- 
add  incUcator  used  by  H5yberg;  but  in  order  to  test  the  matter,  a 
comparative  trial  was  made  of  the  two  indicators  with  samples  of 
f refill  mOk  drawn  from  cows  in  the  Station  herd  which  were  selected 
in  such  a  way  that  a  series  of  samples  was  obtained  with  varying 
reaction. 

For  comparison  with  the  two  indicators  named,  three  other  indi- 
cators were  used  aU  of  which  are  sensitive  to  changes  where  pH 
values  are  higher  than  those  of  strictly  normal  milk,  but  which  are 
not  so  sensitive  where  the  pH  values  are  those  of  normal  nulk  (6.50 
to  6.60).  These  were  saturated  with  alcoholic  solutions  of  rosoUc^- 
acid,  phenol-red,  and  brom-thymol-blue.  In  all  cases  except  witii 
Hoyberg's  reagent,  one  drop  of  the  indicator  was  added  to  3  cc.  of 
milk.  With  the  latter,  the  proportion  was  kept  as  indicated  by  the 
author,  namely  5.5  cc.  to  5  cc. 

At  the  same  time  the  reaction  of  the  samples  was  determined 
electrometrically. 

As  a  result  of  the  color  tests  on  the  11  samples  (Table  1),  four 
observers  were  found  to  agree  on  the  arrangement  of  the  samples 
according  to  differences  in  shade  of  color.  Hiis  sequence  in  color 
shades  was  found  t6  agree  with  the  sequence  established  electro- 
metrically in  all  cases  where  the  reaction  fell  within  the  Imown 
sensitive  range  of  the  indicator. 

However,  the  curdling  produced  by  the  alcohol  in  Hoyberg's 
reagent  caused  irregularities  in  color  in  the  less  sensitive  range  of 
ro0olic-acid  (pH   between  6.50   and  6.79).     It  was  only  samples 

>  Codledge,  L.  H.  Studies  upon  the  bacterial  flon  of  aampleii  of  milk  witli  bi|^ 
eelhdar  eounte  as  drawn  from  apparently  nonnal  udden.  Mich.  Agr.  E]ro.  Sta. 
Teeh.  BuL  41,  901-^10.    1918. 

*  Baker,  J.  G.  and  Van  SIyke»  L.  L.  A  method  for  the  prelimfaiaiy  detection  of 
afaoaniial  milkfl.    N.  Y.  Agr.  Es^.  Bta.  Tech.  BuL  71.    1919. 
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showing  greater  pH  values  than  this  (Samples  8  to  11)  that  showed 
a  regular  sequence  in  color  change.  It  is  interesting  to  note  that 
all  the  latter  samples  were  from  quarters  that  were  either  inflamed 
at  the  time  or  had  been  afifected  with  garget  previously. 

Table  1. —  Thb  Reaction  of  a  Subixs  of  Milk  Samplxs,  Results  Absaxged  in 
Sequence  According  to  pH  Values  fob  Compabison  with  the  Colobs  Obtained 
WITH  Vabious  Indicatobs. 


1 

YALUHa 

Sbquxncs  as  xstabluhbd  bt  thb  shadb 
or  ooLOB  or  indicatob 

. 

Saiipia 

ZrUMBBB 

Bit»n- 

creflol- 

IHirpleft 

Broizt' 
thymol- 
blue  c 

Phenol- 
redd 

Rosolio- 
acid« 

Hfly- 

bers'8 

reacent* 

NOTBB 

1 

2 

3 
4 
5 
6 
7 
8 

0 

10 
11 

6.51 

6.58 
6.54 
6.58 
6.64 
6.78 
6.78 
6.87 

6.00 

6.95 
7.08 

1 

2 

3 

4 
5 
6 
7 
8 

9 

10 
11 

1 

1 
1 
1 
2 
3 
4 
5 

6 

7 
8 

1 

1 
1 
1 
1 
2 
3 
4 

5 

6 
7 

1 

1 

1 
1 
1 
2 
3 
4 

5 

6 
7 

8 

4 
5 
2 
7 
1 
6 
8 

9 

10 
11 

Sunples  Noft.  1-7  normBl  in 
appeanmoe  and  from  ap- 
parently nonnal  uddera. 

Sample  normal,  but  from  a 

quarter  previoualy  affected 

with  garget. 
"From      inflamed      quarter. 

Normal  m  i^pearance. 
Similar  to  No.  9. 
From  quarter  badly  affected 

with     garget.    Abnormal 

in  appearance. 

a  Determined  eleetrometrioally. 

h  Color  change  from  Ught  blue  to  dark  purple>blue. 

c  Color  change  from  greenieh  yellow  to  green. 

d  Odor  ohfuage  from  yellow-orange  to  red. 

e  Color  change  from  pink  to  dark  red. 

Prom  these  results,  it  was  concluded  that  whereas  Hoyberg's 
reagent  was  sufficiently  sensitive  to  pick  out  milk  that  was  decidedly 
less  acid  than  normal,  it  was  not  a  satisfactory  test  for  the  purposes 
in  hand,  nor  as  good  for  general  use  as  the  brom-cresol-purple  test. 

Differential  leucocyte  and  epithelial  cell  counts  have  been  made 
by  the  method  originally  described  by  Presoott  and  Breed.^  In 
making  tiiie  counts,  all  of  the  small  cells  bearing  a  dose  resemblance 
to  mononuclear,  polymorphonuclear,  and  polynuclear  leucocytes 
were  included  in  tne  one  group,  while  all  of  the  large  vacuolated  cells 
of  the  colostral  corpuscle  type  and  all  of  the  large  separate  nuclei 
probably  originally  derived  from  epithelial  cells  were  counted  in  a 
second  group.  This  classification  was  followed  as  it  is  a  priori 
improbable  that  any  close  relationship  exists  between  the  reaction 
of  milk  and  the  amount  of  epithelial  cell  debris  present. 

^  Presoott,  S.  O.  and  Breed,  R.  S.    The  determiiiAtioii  of  the  number  of  cells  in 
milk  by  a  direct  method  Jour.  Inf.  Dis.  7,  632-640.    1910. 
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The  presence  or  absence  of  streptococci  has  been  determined  in 
each  case  by  a  microscopic  examination  of  the  stained  dried  milk  as 
freshly  drawn.  If  this  examination  was  negative,  a  second  microscopic 
examination  was  made  after  incubating  the  milk  sample  for  24  hours 
at  37**  C.  Streptococci  have  been  reported  as  present  whenever  it  has 
been  possible  to  find  cocci  in  chains  which  consisted  of  more  than  four 
individuals  to  the  chain.  Some  chains  were  short,  containing  scarcely 
more  than  the  minimum  number  of  organisms;  but  the  majority  were 
long,  i.e.  contained  20  to  30  or  more  individuals  in  the  chain. 

No  conclusions  should  be  drawn  concerning  the  niunber  of  samples 
in  any  class  as  the  samples  were  taken  from  animals  known  to  be 
infected  with  streptococci,  or  giving  milk  with  a  reaction  less  acid 
than  normal  in  one  or  more  quarters. 

The  samples  were  drawn  aseptically  from  individual  quarters  of 
the  udder  and  were  examined  for  reaction  at  once.  They  were  isken 
after  the  milking  was  approximately  half  completed.  The  animals 
in  the  Station  herd. are  Jerseys,  with  some  grade  Jerseys,  while  the 
animals  in  the  other  herds  were  Holsteins  mixed  with  common  stock. 

DATA  AND  OBSERVATIONS 

Observations  were  made  of  the  reaction,  cell,  and  streptococcic 
content  of  63  samples  of  milk  from  cows  in  the  Station  herd,  and  of 
61  similar  samples  from  animals  in  two  herds  in  the  neighborhood. 
These  are  given  in  Tables  2, 3,  and  4,  respectively.  In  some  instances 
samples  were  taken  from  the  same  animal  at  different  times,  in  which 
case  several  days  elapsed  between  the  two  examinations. 

Table  2. —  Akaltbbs  of  Milk  vbom  DnrvEBSNT  Quabtebs  of  tkb  Uddbb  of 
Cows  FBOM  Station  Hbbd,  Showing  Vabiation  in  Rbaciton,  Lbucocttb,  and 
Epithblial  Cell  Count,  and  thb  Pbbsencb  ob  Absencb  of  Stsbptococcl 


Numbbb 

QUABr 
TBBOF 
UDDEB 

Reaction 

Leucocyte 

count 

FEB  cc. 

Epithelial 

CELL 

COUNT 

PEB  cc. 

Stbbpto- 

COCCI, 

of  cow 

Group 

pH 

-{-PBE8ENT 
— ABSENT 

S  16 

R.H. 
L.H. 

R.F. 
R.F. 
L.H. 

R.H.a 

L.H.a 

R.F. 

L.F. 

R.H. 

L.H. 

R.F. 

L.F. 

1 
4 
4 
4 
4 
5 
7 
3 
2 
5 
1 
1 
1 
I 

(6.60-6.60) 
(6.76-6.84) 
(6.76-6.84) 
(6.76-6.84) 
(6.76-6.84) 
(6.84-6.92) 

(7.00+) 

(6.6^-6.76) 

(6.60-6.68) 

(6.84r^.92) 

(6.60-6 .60) 

(6.60-6.60) 

(6.50-6.60) 

(6.50-6.60) 

90,000 

1,620,000 

4,110,000 

240,000 

3,690,000 

2,460,000 

15,900,000 

200,000,000 

1,440,000 

5,100,000 

60,000 

30,000 

000 

000 

30,000 

210,000 

270,000 

90,000 

420,000 

150,000 

810,000 

Few 

240,000 

360,000 

000 

60,000 

000 

000 

S  11 

8  23 

S    6 

8  12 

+ 

821 

+ 
+ 

^^^ 

a  Milk  from  these  quarters  was  abnormal  in  appearance,  all  other  samples  normal 
in  Appearance. 
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Tabu  2,— (eonHnued), 


NUMBBB 
OF  COW 


8  21 
S  7 
U  1 
U  2 
U    3 

U    3 

U    4 

U  6 
U  7 
U  8 
U  9 
Ull 
U12 


QUAB- 
TBBOr 
UDDBB 


R.H. 

L.H. 
R.F. 
L.F. 

lull. 

L.H. 

R.F. 

L.F. 

R>H* 

L.H. 

R.F. 

L.F. 

R.H. 

L.H. 

R*F* 

L.F. 

RmIi. 

L.H. 

R.F. 

L.F. 

R.H. 
L.H. 
R.F. 
L.F. 

L.H. 
xCf . 
L.F. 

1v.Xj[. 

L.H. 

R.F. 

L.F. 

R.H. 

L.H. 

R.F* 

L.F. 

R.il. 

L.H. 

R.F. 

L.F. 

Rwu. 

L.H. 

R.F* 

L.F. 

R.1I. 

L.H. 

R.F. 

L.F. 


Rbaction 


Group 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
2 
2 
1 
2 
1 
1 
7 
5 
1 
3 
5 
2 
3 
1 
1 
1 
2 
2 
1 
2 
7 
3 
2 
1 
3 
2 
2 
1 
1 
3 
3 
3 
1 
5 
1 
2 
2 
5 
2 


pH 


[6.60-6.e0) 
6.50-6.60) 
6.50-6.60) 
6. 50-6 .60) 
[6.60-6.60) 
(6.50-6.60) 
(6.50-6.60) 
(6. 50-6 .60) 
(6.50-6.60) 
(6.50-«.60) 
(6.60-6.68) 
(6.60-6.68) 
(6.50-6.60) 
(6.60-6.68) 
(6.50-6.60) 
(6.50-^.60) 

;7.oo-i-) 

6.84r^.02) 
[6.50-6.60) 
(6.68-6.76) 
[6.85)6 
6.60-6.68) 
6.68-6.76) 
6.50-6.60) 
[6.50-6.60) 
(6.50-6.60) 
(6.6(V^.68) 
(6.6(V^.68) 
(6. 50-6 .60) 
(6.60-6.68) 
(7.00+) 
(6.68-6.76) 
(6.60-6.68) 
(6.50-6.60) 
(6.60-6.76) 
(6.60-6.68) 
(6.60-6.68) 
(6.5(^-6.60) 
(6.50-6.60) 
(6.68-6.76) 
(6.68-6.76) 
(6.68-6.76) 
(6 .50-6 .60) 
6.84r6.92) 
6.50-6.60) 
6.60-6.68) 
(6.60-6.68) 
(6.84r6.02) 
(6.60-6.68) 


I 


LBuoocra 

OOUMT 

cc. 


000 

120,000 

000 

30,000 

000 

30,000 

000 

30,000 

000 

000 

20,000 

30,000 

110,000 

410,000 

10,000 

40,000 

21,600,000 

320,000 

40,000 

220,000 

20,000,000c 

20,000 

380,000 

10,000 

30,000 

000 

000 

000 

10,000 

250,000 

34,000,000 

100,000 

60,000 

70,000 

70,000 

40,000 

110,000 

110,000 

90,000 

? 

2,550,000 

1,510,000 

000 

1,520,000 

000 

160,000 

1,030,000 

380,000 

220,000 


CBLL 
COUNT 
GC. 


000 

000 

30,000 

30,000 

60,000 

60,000 

30,000 

000 

10,000 

000 

000 

000 

580,000 

970,000 

180,000 

190,000 

1,230,000 

200,000 

140,000 

590,000 

T 

40,000 

640,000 

70,000 

50,000 

000 

000 

60,000 

60,000 

270,000 

1,260,000 

370,000 

150,000 

160,000 

110,000 

120.000 

220,000 

490,000 

330,000 

? 
220,000 
780,000 
000 
670,000 
000 
420,000 
660,000 
660,000 
490,000 


OOCCI, 

+PBBBBNT 
— ^ABSBNT 


+ 
+ 

+ 
+ 

+ 


+ 
+ 


+ 
+ 

+ 

+ 


h  Determined  electrometrically. 

e  Figures  are  for  the  total  cell  oount. 
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TaBUI  3. —  AlfALTBM  OF  MlIX  VBOIC  BmrKBXMT  QlTABTXBB  OW  TOM  UdDBB  OV  CoWB 

FBOM  C.  W.  L.  BsKDf  Showing  Vabiatton  in  Reaction,  Lbucocttk  and  Epitbb- 

UAL  CSLL  COXTNT,  AND  TBX  PBBSBNGX  OB  AbSHNCB  OF  StBSPTOCOCCI. 


NUMBXE 
OF  COW 


QUAB- 
1SB0F 
UDDBB 


RBACnON 


Group 


pH 


Lbucoctte 

COUNT 

pbb  cc. 


Epithb- 

UAL 

CBLL 

COUNT 

PBB  CC. 


Stbbfto- 
cocci, 

+FBBBBNT 
— ^ABSENT 


2 

2 
4 

6 

6 

6 
7 

10 

13 

14 

14 
16 

16 
18 


R.H.a 

L.H. 

R.F. 

L.F. 

R.H.a 

R.H. 

L.H. 

R.F. 

L.F. 

R.U. 

L.H. 

R.F. 

L.F. 

L.H. 

RS. 

L.F. 

R.F. 

R.H. 

L.H. 

R.F. 

L.F. 

R.H. 

L.H. 

R.F. 

L.F. 

R.X1. 

L.H. 

R.F. 

L.F. 

R.H* 

L.H. 

R.F. 

L.F. 

L.H. 

R.C[. 
L.H. 
R.F. 
L.F. 

T 
T 


7 
4 
4 
4 
7 
2 
4 
2 
2 
4 
6 
7 
6 
4 
4 
4 
4 
4 
2 
3 
2 
2 
7 
7 
4 
4 
7 
1 
3 
1 
6 
7 
7 
6 
6 
6 
2 
1 
3 
4 
6 
6 


.00)5 
1.76-6.84) 
» .76-6 .84) 
i  .76-6 .84) 
.06)5 

L60-6.68) 
k76-6.84) 
k60-6.68) 
L60-6.68) 
k76-6.84) 
i. 84-6 .92) 
.OO-h) 
i. 84-6.92) 
1.76-6.84) 
k76-6.84) 
k76-6.84) 
;  .76-6 .84) 
L80)5 
i. 69-6. 68) 
L68-6.76) 
k60-6.68) 
^60-6.68) 
.20)5 
M0)5 
L76-6.84) 
;  .76-6 .84) 
'.00+) 
k5(>-6.60) 
i. 68-6 .76) 
k5a-6.60) 
k92-7.00) 
'.20)5 
.00)5 

;  .92-7 .00) 
.00)5 
k96)5 
L60-6.68) 
L50-6.60) 
L68-6.76) 
L76-6.84) 
k95)5 
L91)5 


300,000,000 

90,000 

300,000 

270,000 

20,000,000 

000 

360,000 

60,000 

60,000 

2,580,000 

8,100,000 

40,900,000 

33,800,000 

120,000 

300,000 

1,120,000 

900,000 

1,000,000c 

60,000 

000 

000 

180,000 

1,980,000 

4,300,000 

510,000 

800,000 

Innumerable 

120,000 

360,000 

180,000 

3,900,000 

4,000,000 

7,800,000 

1,600,000 

4,000,000c 

10,000,000c 

360,000 

000 

120,000 

810,000 

5,000,000c 

3,000,000c 


000 

60,000 

120,000 

30,000 

000 

60,000 

480,000 

60,000 

90,000 

300,000 

670,000 

000 

1,800,000 

12,000 

30,000 

120,000 

90,000 

? 

90,000 

000 

000 

30,000 

180,000 

270,000 

60,000 

150,000 

? 
30,000 
90,000 
90,000 
1,200,000 
330,000 
300,000 
420,000 
? 
T 
30,000 
000 
000 
180,000 
T 
T 


+ 
+ 


+ 

+ 

+ 
+ 


+ 
+ 
+ 


+ 


+ 
+ 
+ 
+ 
+ 
+ 


+ 
+ 


a  Milk  from  this  quarter  waa  abnormal  in  appeannoe,  all  other  samples  normal  in 


h  Setennined 

c  Figures  are  for  the  total  cell  count. 
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Tabud  4. —  Analtbxs  or  Milk  vbom  Diffbbbnt  Qua&tibs  of  the  Uddxb  of  Cowb 
FBOM  Q.  F.  F.  HxBD  Showing  Yabiationb  in  Reaction,  Lbucocttb  and 
Epithblial  Csll  Count,  and  the  Pbesxncb  ob  Abbencb  of  Stbbptogocgi. 


NUMBEB 
OF   cow 


5 

5 
10 

11 
11 

19 
19 


QUAB- 
TBBOF 
UDDBB 


R.li. 

L.H. 

R,F.d 

L.F. 

R.F.(i 

R,H. 

L.H.a 

R.F. 

L.F. 

R.H. 

L.H. 

R.F. 

L.F. 

R.H. 

R.H. 

L.H. 

R.F. 

L.F. 

L.H. 


Rbacteon 


Group 


1 
5 
5 
1 
6 
6 
3 
6 
5 
7 
1 
3 
1 
7 
3 
6 
1 
1 
6 


pH 


(6.50-6.60) 

(6.84r-6.92) 

(6.84-6.92) 

(6.60-6.60) 

(7.04)6 

(6.92-7.00) 

(6.68-6.76) 

(6.9^7.00) 

(6.84-6.92) 

(7.00+) 

(6.50-^.60) 

(6.68-6.76) 

(6.60-6.60) 

(7.15)6 

(6.68-6.76) 

(6.92-7.00) 

(6.60-6.60) 

(6.5O-6.60) 

(6.98)6 


Lbucocttb 

COUNT 

cc. 


30,000 
540,000 
16,500,000 
30,000c 
3,000,000c 
3,180,000 
740,000 
1,740,000 
1,770,000 
15,300,000 
120,000 
1,020,000 
330,000 
21,000,000c 
2,040,000 
7,380,000 
000 
000 
8,400,000c 


Epithe- 
lial 

CELL 

COUNT 

PEB  cc. 


60,000 

3,300,000 

840,000 

000 

? 

660,000 

240,000 

210,000 

390,000 

930,000 

000 

570,000 

€0,000 

? 
240,000 
450,000 
000 
000 
? 


Stbepto- 

COCd, 
+PBE8BNT 
— ^ABSENT 


+ 
— ? 

+ 

+ 

+ 
+ 
+ 


+ 


a  Milk  from  this  quarter  was  abnormal  in  appearance,  all  other  samples  normal  in 
appearance. 

6  Determined  electrometrically. 

c  Figures  are  for  the  total  cell  count. 

d  No  streptococci  were  found  in  the  milk  of  this  quarter  on  the  first  trial;  but  aa 
they  were  present  a  few  days  later,  it  is  evident  that  this  was  an  oversight. 

As  it  is  difficult  to  pick  out  the  relationships  existing  between  the 
reaction,  cell  content,  and  streptococci  from  the  results  as  obtained, 
they  have  been  arranged  in  Tables  6,  6,  and  7  in  such  a  way  as  to 
contrast  the  reaction  with  the  leucocjrte  content,  the  epitheliiim 
cell  content,  and  the  presence  of  streptococci.  Finally,  the  aver- 
ages of  these  tables  have  been  combined  in  Table  8  for  convenience 
in  comparison. 

Even  a  casual  examination  of  the  results  in  Tables  2,  3,  and  4 
shows  that  a  relationship  exists  between  the  number  of  leucocytes 
present  and  the  reaction  of  the  milk.  This  appears  in  a  more  strik- 
ing way  in  Table  5  in  which  the  results  are  arranged  according  to 
a  scale  of  decreasing  acidity.  From  this  it  appears  that  the  bluest 
leucocyte  count  noted  from  milk  with  the  reaction  of  Group  1 
(pH  values  between  6.50  and  6.60)  was  330,000  per  cc,  while  the 
average  count  for  the  37  samples  in  this  class  was  only  46,000. 


Nbw  Yobs  AGRicui;ruRAii  Experiment  Station. 


249 


Fourteen  of  these  samples  contained  00  few  leucocytes  that  none 
were  observed  in  the  microscopic  examination  of  one  tIn*ee-thousandth 
part  of  a  cubic  centimeter. 

TaBUB  5. — CoMPABmON  BbTWBSN  TBI    RXAOnON   AND  TBI   LnJOOCnTTB  GOMTBIIT 

OV  MUJC  OV  NOBMAL  APPBABANCB. 

Leooocjrte  oounts  given  in  thoiinnds  per  ec 


Gboup  1, 

pH6.60- 

6.60 

Gboup  2, 

pH6.60- 

6.68 

Gboup  3, 
pU6.68~ 
6.76 

Gboup  4, 
pH  6.76- 
6.84 

Gboup  5, 

pH6.8^ 

6.92 

Gboup  6, 

pH  6.92- 

7.00 

Gboup  7, 
pH  7.00  -f 

90           60 

30             0 

0             0 

120             0 
30             0 
30             0 
30             0 

120          110 
10            40 
40            10 
30             0 

1,440 

0 

30 

410 

20 

0 

0 

250 
60 
40 

110 

160 
1,080 

220 
0 
60 
60 
60 
20 

180 

360 

220 

380 

190 

70 

2,550 

1,510 

0 

.    360 

120 

1,020 

2,040 

1,620 

4,110 
240 

3,690 

90 

300 

270 

360 

2,580 
120 
300 

1,120 
900 
510 
800 
810 

1,000 

2,460 

5,100 

320 

20,000 

1,520 

380 

8,100 

33,800 

540 

16,500 

1,770 

■  ■■•••*■• 

3,900 
1,600 
4,000 
10,000 
3,000 
3,180 
1,740 
7,380 
8,400 
3,000 
5,000 

■  •  •  •  •      • 

21,600 

34,000 

40,900 

1,980 

4,300 

Innumerable 

4,000 

7,800 

15,300 

21,000 

10           70 

110           90 

0             0 

180             0 

30           30 

330 

0 
120 

0 

0 

Ave 46 

215 

770 

1,110 

8,230 

6,670o 

4,0806 

4,650 

16,800 

a  One  excessive  count  omitted  from  the  average. 
b  Two  ezcessive  coimts  omitted  from  the  average* 

In  the  21  samples  in  which  there  was  a  slight  but  perceptible 
darkening  of  the  brom-cresol-purple  (pH  values  between  6.60  and 
6.68)  y  it  will  be  noted  that  whereas  4  samples  contained  so  few 
leucocytes  that  none  were  seen  in  the  microscopic  examination^ 
2  samples  contained  in  excess  of  1,000,000  per  cc.  (maximum  1,440,- 
000).  The  average  leucocyte  content  of  the  21  samples  was  215,000 
per  cc. 

With  certain  exceptions  to  be  noted  presently,  there  is  a  gradual, 
tho  somewhat  irregular,  increase  in  the  nimiber  of  leucocytes  with 
decreasing  acidity  as  shown  by  the  regular  increase  in  the  average 
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leucocyte  count  for  each  group  of  samples.  This  reaches  its  climax 
in  the  10  samples  of  milk  in  which  the  pH  values  are  greater  than 
7.00.  In  these  the  lowest  leucocyte  count  was  1,980,000,  and  the 
highest  40,900,000  per  cc.  The  average  coimt  for  this  group  was 
16,800,000  per  cc. 

TabLB    6. —  COMPABIBON    BVTWnDK    THB     RXACnON    AND   THB     EpTTHBUAL    CxLL 

CoMTBNT  ov  Milk  of  Normai*  Apfbarancs. 


Epithelial  cell  counts  given 

L  in  ihouaands  per  cc. 

Group  1, 

pH6.50- 

6.60 

Gboup  2, 

pH6.60- 

6.68 

Gboup  3, 

pH6.6&- 

6.76 

Gboup  4, 

pH  6.76- 

6.84 

Gboup  5, 

PH6.84- 

6.92 

Gboup  6, 

pH  6.92- 

7.00 

Gboup  7, 
PH7.00+ 

30             0 

60             0 

0             0 

0           30 

30            60 

60           30 

0            10 

0          680 

180          190 

240 

0 

0 

970 

40 

0 

60 

270 

150 

120 

220 

420 

660 

490 

60 

60 

90 

90 

0 

30 

30 

690 
640 
370 
110 
220 
780 

0 
90 

0 
670 
240 

210 
270 

90 
420 

60 
120 

30 
480 
300 

12 

30 
120 

90 

60 
150 
180 

150 
360 
200 
670 
660 
670 
1,870 
3,300 
840 
390 

1,200 
420 
660 
210 
460 

1,230 
1,200 
0 
180 
270 
330 
300 
930 

140           70 

50             0 

60          160 

490          330 

0             0 

30           90 

0            60 

0 

60 

0 

0 

0 

Ave 75 

190 

330 

160 

890 

690 

660 

Two  counts  were  so  widely  divergent  from  the  usual  conditions 
that  they  were,  not  included  in  the  averages.  The  two  imusual 
samples  (Table  2,  Cow  U  3,  L.F.,  and  Table  3,  Cow  5,  L.F.)  fell  in 
Group  5  (pH  values  6.84  to  6.92).  One  gave  a  leucocyte  count  of 
20,000,000  and  the  other  of  33,800,000  per  cc.  These  counts  are 
both  greatly  in  excess  of  the  average  count  for  samples  in  this  group. 
In  the  first  of  these  cases,  a  sample  taken  from  the  same  quarter 
a  few  days  previously  had  given  an  almost  identical  count 
(21,600,000  per  cc.)  with  a  less  acid  reaction  (pH  7.00+). 

In  spite  of  these  and  other  less  noticeable  exceptions,  the  obser- 
vations are  in  general  accord  with  the  theoiy  that  decreased  acidity 
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is  correlated  with  an  increase  in  the  number  of  leucocytes  present  in 
fresh  milk.  Minor  irregularities  are  explainable  by  inaccuracies 
of  technique,  while  some  of  the  larger  ones  are  undoubtedly  due 
to  the  influence  on  the  reaction  of  the  production  of  acid  from  lactose 
by  streptococci.  No  .satisfactory  explanation  of  these  relationships 
is  evident  if  the  leucocytic  nature  of  the  cells  is  denied  as  is  done 
by  Winkler^  and  also  by  Hewlett,  Villar,  and  Bevis.* 


Table  7. —  Compabibon  Bbtwsbn 

THB   RbACTION    and 

THB    PbBSBNCB    (+)    OB 

Absbncs    ( — )    OF 

Stbxptooogci  in  Milk  of  Nobmal  Apfeabancb. 

Gboup  1, 

Gboup  2, 

Gbout3, 

Gboup  4, 

Gboup  5, 

Gboup  6, 

Gboup  7, 

PH6.50- 

pH6.6a- 

pH6.68- 

pH  6.7fr- 

pH6.84- 

pH  6.92- 

pH  7.00+ 

6.60 

6.68 

6.76 

6.84 

6.92 

7.00 

_         — 

-— 

4- 

+ 

+ 

+ 

+ 

—         — 

— 

+ 

+ 

+ 

+ 

+ 

—          — 

— 

+ 

— 

+ 

+ 

+ 

—          — 

— 

— 

+ 

— 

+ 

+ 

—          — 

— 

+ 

+ 

— 

+ 

+ 

—          — 

— 

— 

+ 

+ 

+ 

—          — 

+ 

+ 

+ 

4- 

4- 

+ 

— 

+ 

+ 

+ 

4- 

—          — 

4- 

+ 

— ? 

+ 

—          — 

— 

— 

— 

+ 

+ 

4- 

-          + 

— 

+ 

— 

+ 

^^^^ 

+ 

+ 

. 



«^^ 

-  -  ^_ 

— 

^^"* 

— 

Percent 

+  =  3 

19 

54 

62 

60 

91 

100 

The  relation  between  the  amount  of  cellular  debris  of  epithelial 
origin  and  the  reaction  as  shown  in  Table  6  does  not  appear  to  be 
as  striking  as  tiiat  wili  tiie  leucocytes.  Where  the  results  are 
arranged  according  to  reaction  and  the  cell  counts  averaged,  it  is 
evident  that  there  is  more  epitheUal  cell  debris  in  the  samples  with 

^Winkler,  W.  Die  Milohbilduiig  und  MikroekpoiBohe  MilchprOfung.  Zeitsehr. 
f .  Undwirtfloh.  VenuchsweB.    OesterreielL    11,562-630.    1908. 

*  Hewlett,  R.  T.,  YiUar,  S.,  and  Revis,  C.  On  the  nature  of  the  cellular  elements 
prwent  in  milk.  Jour.  Hyg.  9,  271-278.  1909;  10,  56-92.  1910;  11,  97-104. 
1911;  13,  87-^.    1913. 
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the  lowest  acidity.  Yet  the  increase  in  amount  of  cell  debris  with 
decreasing  acidity  is  not  regular.  This  suggests  that  the  relation- 
ship between  the  two  things  is  not  a  close  one,  and  agrees  with  the 
conception  that  inflamed  conditions  are  likely  to  cause  a  discharge 
of  an  increased  but  irregular  amount  of  epithelial  cell  debris. 


Tartar  8.—  Compabison  Bbtwbbn  tbb 

COICBINID  AvxaAGBS  OF  TabUBB  5,  6,  AND  7. 

OboupI, 
6.50-6.00 

Qboup2, 
pH 

6.60-6.68 

QboitvS, 
pH 

6.68-6.76 

Qboup4, 
pH 

6.76-«.84 

GBOur6, 
pH 

6.84-6.92 

Oboup6. 
pH 

6.92-7.00 

Gbocv?. 
pH 

7.00  + 

Ave.    leucocyte    count 
(thouBanda  per  cc.) . . 

46 

216 

770 

1.110 

4,080ei 

4,660 

16.800 

Ave.      epithelial      cell 
count  (thouaandfl  per 
cc.)    

76 

190 

830 

160 

890 

680 

fiflO 

Percentage  of  samples 
containing     strepto- 
cocci  

3 

19 

64 

62 

60 

91 

100 

a  Two  excessive  counts  omitted  from  the  average. 

In  considering  the  possible  relationship  between  the  reaction  and 
the  presence  or  absence  of  streptococci,  the  conditions  under  which 
such  a  condition  might  exist  should  be  kept  in  mind.  The  patho- 
genic streptococci  are  well  known  incitors  of  inflammatory  processes 
in  animal  tissues,  and  are  common  causes  of  such  troubles  in  udders. 
During  any  disturbance  of  this  type  in  the  udder,  the  leucocytes  tend 
to  congregate  in  large  numbers.  Both  the  leucoc3rtes  and  an  accom- 
panying serous  exudate  probably  pass  thru  the  glandular  epithdium 
imder  these  conditions.  At  first  there  would  be  little,  if  any,  actual 
disorganization  of  the  glandular  epithelium  but  eventually,  as  shown 
in  the  excellent  figures  drawn  by  Emst,^  the  lining  of  certain  alveoli 
in  limited  areas  would  actually  break  down,  thus  allowing  the  direct 
entrance  of  lymph,  or  even  blood  serum,  by  the  rupture  of  tiiie  walls 
of  the  vessels  carrying  these  body  fluids.  In  the  later  stages,  this 
disorganization  would  involve  large  areas,  even  entire  quarters  of 
^e  udder.  The  secretion  would  no  longer  have  the  appearance  of 
normal  milk  under  such  conditions. 

During  the  period  previous  to  the  actual  rupture  of  the  epithelium 
and  vessels,  it  seems  probable  that  the  normal  life  processes  con- 
trolling the  entrance  and  elaboration  of  the  blood  nutrients  in  the 
gland  cells  would  be  weakened  or  modified.  A  natural  change 
would  be  for  the  readily  dialyzable  substances  of  the  blood,  sudi 
as  the  mineral  salts,  urea,  glucose  and  amino  acids,  to  pass  into  the 

^EroBt,  W.  Grundriflfl  der  Milohhygiene  fOr  Tierftixte.  Stuttgart:  1913»  pp. 
Vm  +  3C1.  . 
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milk  with  the  serous  exudate  without  undeigoing  the  usual  processes 
of  elaboration.  However,  the  chemical  findings  previously  reported^ 
indicate  that  even  under  these  conditions  the  glucose  is  transformed 
into  lactose.  (See  also  Porcher.^  If»  however,  l^e  mineral  salts 
of  the  blood  (especially  sodium  bicarbonate  and  basic  phosphates) 
pass  into  the  milk  they  would  reduce  the  hydrogen  ion  concentration, 
even  tho  the  remaining  substances  of  the  blood  serum  did  not  enter. 

The  entrance  of  some  other  substances  in  unaltered  condition 
early  in  this  process  is  indicated  by  the  fact  that  fibrin  is  readily 
demonstrated  by  appropriate  stains  in  the  less  acid  milk.  This 
would  indicate  ib&t,  under  the  intermediate  conditions  before  there 
is  actual  entrance  of  unaltered  serum,  there  is  a  considerable  period 
during  which  there  is  an  entrance  of  modified  or  partially  elaborated 
serum. 

Another  factor  having  a  direct  influence  on  the  hydrogen  ion 
concentration  which  ou^t  not  to  be  overlooked  is  the  formation  of 
add  by  the  streptococci  by  the  fermentation  of  glucose  or  lactose. 
From  the  fact  that  the  reaction  of  the  streptococcus  infected  nulk 
is  less  add  than  normal,  it  is  evident  that  there  must  be  a  surplus 
of  the  substances  causing  a  reduction  in  hydrogen  ion  concentration. 
So  long  as  the  new  matenals  are  being  secreted  the  acidity  is  ordinarily 
neutnJized,  but  as  soon  as  the  imlk  is  drawn  the  streptococcic 
fermentation  quickly  changes  the  reaction  to  an  add  one.  This 
was  evident  in  several  samples  where  flocculent  masses  of  bacteria 
settled  to  the  bottom  of  sample  tubes  to  which  brom-cresol-purple 
had  been  added.  Within  30  minutes  acid  areas  showed  about  each 
of  the  flocculent  masses. 

Even  a  casual  study  of  the  data  given  in  Tables  2,  3,  and  4  will 
show  that  streptococd.  were  usually  present  in  those  cases  where 
there  were  excessive  numbers  of  cells  accompanied  by  decreased 
acidity.  The  correlation  between  decreased  acidity  and  the  presence 
of  streptococci  is,  however,  shown  more  dearly  in  Table  7.  In  this 
summary  it  will  be  seen  that  whereas  only  one  sample  out  of  36 
(3  per  cent)  with  a  normal  reaction  (pH  values  from  6.50  to  6.60) 
was  found  to  contain  streptococci,  the  percentage  of  streptococcic 
infection  increased  regularly  with  decreasing  acidity.  This  reached 
its  dimax  in  Group  7  (pH  values  7.00+)  all  of  which  contained 
streptococci. 

Certain  exceptional  conditions  are  worth  a  further  word  of  explana- 
tion. The  single  sample  of  milk  with  normal  reaction  (Table  2, 
Cow  U  5,  R.H.)  that  contained  streptococd  contained  so  few  of  them 

1  See  footnote  1  on  p.  240. 

*Poxeher,  Gh.  Sur  I'origine  du  laotose.  De  I'ablation  des  mamelleii  cbeas  les 
femellefl  en  lactation.  Oompt.  Rend.  Acad.  Soi.  Paris  141,  7^-75.  1905.  Sur 
Forigine  du  lactose.  Des  effets  des  injections  de  glucose  ches  les  f emelles  en  lactation. 
Compt.  Rend.  Acad.  Sd.  Paris  141,  467-409.    1906. 
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that  they  did  not  appear  in  a  microscopic  examination  of  the  milk 
until  after  incubation  for  24  hours  at  37°  C.  The  cell  count  was 
likewise  zero  for  one  three-thousandth  part  of  a  cc.  E}vidently  the 
infection  in  this  case  was  dormant  or  so  localized  that  it  did  not 
affect  the  reaction. 

The  single  sample  in  Group  6  (pH  values  6.92  to  7.00)  that  showed 
no  streptococcic  infection  (Table  4,  C!ow  10,  R.F.)  was  tak^i  from  an 
udder  where  all  of  the  other  quarters  were  infected  with  streptococci 
and  one  of  them  giving  abnormal  gargety  milk.  The  leucocyte  count 
was  high  (1,740,000  per  cc.)  and  the  conditions  indicate  that  the 
inflammation  in  the  other  quarters  had  influenced  the  secretion  in  the 
uninfected  quarter. 

In  one  of  the  samples  of  Group  5  (pH  values  6.84  to  6.92)  reported 
as  negative  for  streptococci,  a  question  mark  has  been  added  because 
a  sample  taken  from  the  same  quarter  a  few  days  later  contuned 
streptococci.  The  other  negatives  in  this  group  may  likewise  have 
been  caused  by  failiu^  to  find  the  streptococci,  or  they  may  have 
been  Caused  by  infection  with  other  pathogenic  organisms.  Some 
were  from  cows  where  streptococcic  infections  were  present  in  other 
quarters,  while  some  were  from  cows  where  no  streptococcic  infection 
could  be  detected  with  the  technique  used. 

When  the  combined  averages  are  compared  as  in  Table  8,  it  is 
seen  that  the  conditions  governing  the  reaction,  presence  of 
leucocytes,  epithelial  debris,  and  streptococci  are  all  in  hfumony  with 
the  idea  that  decreased  acidity  is  primarily  caused  by  the  entrance 
of  the  alkaline  substances  contained  in  the  lymph  and  blood  serum. 
It  is  not  probable  that  entirely  unaltered  blood  serum  enters  tmtil 
the  inflammatory  processes  have  gone  so  far  that  there  is  actual 
rupture  of  the  blood  vessels.  Accompan3dng  the  entrance  of  these 
alkaline  substances  there  is  a  fairly  regular  increase  in  the  entrance 
of  leucocytes,  and  a  less  regtdar  increase  in  the  amoimt  of  epithdial 
debris.  In  a  majority  of  the  samples  examined,  the  primary  cause 
of  these  changes  appeared  to  be  an  infection  with  streptococci. 

CONCLUSIONS 

■ 

In  the  previous  bulletin  already  mentioned,^  it  is  suggested 
that  decreased  acidity  of  fresh  milk  is  due  to  the  direct  filtration 
of  blood  serum  into  the  milk  as  secreted.  In  support  of  this  opinion 
it  is  pointed  out:  (1)  That  this  view  is  in  harmony  with  the  changes 
in  composition  that  accompany  decreased  acidity;  (2)  that  it  is  in 
agreement  with  the  hydrogen  ion  concentration  of  normal  milk 
(pH  values  6.50  to  6.60)  and  that  of  blood  serum  (pH  about  7.60)  ; 
and  (3)  that  it  harmonizes  with  an  increased  CO^  content  of  the 
less  acid  milk,  normal  milk  containing  about  10  per  cent  by  volume 
of  CO2  and  blood  serum  65  per  cent. 

^  See  footnote  1  on  p.  240. 
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Further  proof  of  the  presence  of  blood  serum  was  furnished  by  the 
evidence  that  fibrin  was  present  as  shown  by  fibrin  stains.  This 
constituent  of  blood  does  not  appear  in  normal  milk. 

The  only  observed  chemical  relationship  that  was  out  of  harmony 
with  the  view  that  unchanged  blood  serum  caused  the  low  acidity 
of  certain  samples  of  milk  was  the  fact  that  no  glucose  could  be 
demonstrated  in  several  samples  in  which  it  should  I^ve  been  present 
in  appreciable  quantities  if  this  were  the  case.  At  that  time  it  was 
suggested  that  further  investigations  were  desirable. 

From  the  new  data  here  given,  and  from  histological  and 
physiological  considerations,  it  appears  that  a  more  exact  state- 
ment of  the  case  would  be  that  the  infection  causes  the  entrance 
of  a  serous  exudate  derived  by  the  gland  cells  directly  from  the 
lymph  rather  than  from  the  blood.  This  serous  exudate  is  neither 
exactly  like  blood  serum  nor  milk.  When  the  infection  has  pro- 
ceeded to  the  place  that  actual  rupture  of  tJie  vessels  occurs  tiien 
unchanged  lymph  and  blood  would  enter.  The  modifications  in  the 
secretions  may  be  due  to  a  weakening  of  the  secretory  activity  of 
the  cells  or  tiie  exudate  may  have  a  definite  protective  function 
against  the  bacterial  infection,  or  both  conditions  may  hold  simul- 
taneously. 

The  processes  involved  are  so  complicated  that  it  is  little  wonder 
that  the  matter  is  not  clear  even  with  the  data  at  handl  It  seems 
quite  probable  however  that  the  increased  COs  content  of  the  milk 
samples  having  a  lowered  acidity  is  correlated  with  the  entrance  of 
alkaline  bicarbonates  from  the  blood.  The  acidity  of  the  milk 
would  also  be  lessened  by  the  entrance  of  increased  amounts  of  basic 
phosphates  or  even  of  albumins.  Changes  in  the  secretion  of  the 
milk  in  relation  to  these  substances  could  easily  explain  tJie  changes 
in  reaction  actually  noted  without  assuming  the  entrance  of  excessive 
amounts  of  unchanged  blood  serum  or  lymph.  While  these  chemical 
changes  are  still  only  partially  understood,  the  data  establish  the  fact 
that  the  modifications  of  the  secretion  are  correlated  with  an 
increased  entrance  of  the  leucoc3rtes  into  the  lumina  of  the  alveoli. 
Accompanying  this  change  in  the  secretory  processes  there  also  is 
an  increasing  amount  of  wastage  from  Uie  ^andular  epitheUum. 
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CONCERNING  INOSITE  PHOSPHORIC  ACIDS  * 

B.  J.  ANDEB80N 

SUMMARY 

In  the  first  part  of  the  bulletin  are  recorded  the  results  ^diich 
have  been  obtained  in  efforts  to  synthesize  phytic  acid. 

A  study  has  been  made  of  the  reaction  between  inosite,  phos- 
phoric acid,  and  phosphorus  pentoxide. 

The  conclusion  of  Posternak  that  the  organic  phosphoric  acid 
produced  in  this  reaction  is  identical  with  the  natural  phsrtic  acid 
or  inosite  hezaphosphoric  acid,  CeHigOs^Pei  or  as  formulated  by 
Posternak,  C6Hs4027P8»  could  not  be  confirmed. 

The  only  iMX>duct  which  could  be  isolated  in  approximate  purity 
from  the  reaction  mixture  corresponded  to  an  inosite  ester  of 
pyrophosphoric  acid  containing  four  atoms  of  phosphorus  or  two 
molecules  of  pyrophosphoric  add.  Traces  of  other  inosite  phos- 
phoric adds  are  undoubtedly  formed  but  the  above  substance 
xepresents  the  prindpal  prodtict  of  the  reaction. 

This  new  add  corresponds  to  the  formula,  CeHuOiGPi*  It 
resembles  phytic  acid  in  that  it  contains  very  nearly  the  same 
percentage  of  phosphorus  but  its  properties  and  reactions  differ 
in  several  important  particulars  from  those  of  phytic  acid. 

The  synthesis  of  phytic  add  or  inosite  hexaphosphoric  acid  cannot 
be  considered  as  accomplished  and  it  appears  doubtful  if  this 
substance  can  be  successfully  synthesized  by  the  methods  heretofore 
eiiq>loyed. 

The  second  part  of  the  bulletin  contains  an  account  of  further 
investigations  regarding  the  composition  of  the  inosite  phosphoric 
add  of  wheat  bran. 

Data  obtained  from  the  analjrses  of  carefully  purified  and 
recrystallized  barium  salts  of  the  oiganic  {dio^orus  compound 
of  ^eat  bran  are  in  close  agreement  with  the  calculated  composition 
of  barium  salts  of  inosite  hexaphosphoric  add. 

Silver  salts  were  prepared  from  the  acid  and  these  were  found 
to  agree  with  the  formula  CeHsOMPeAgu. 

Tbe  composition  of  phytic  add  of  plants  as  determined  from 
the  analyses  of  salts  of  this  add  coaespooda  to  inosite  hexaphos- 
phoric add,  CaHisOmPs  or  C«Hft06[PO(OH)j6. 

*  Bj&pnnt  of  Teohoioal  BuUetm  No.  79,  May,  192a 
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I.    SYNTHESIS  OF  PHYTIC  ACID 

Introduction 

Several  attempts  to  synthesuse  phytic  acid  or  inosite  hezaphos- 
phoric  acid  have  been  described  in  recent  years.  The  methods 
have  varied  slightly  but  the  principle  in  every  experiment  has  been 
to  obtain  the  desired  product  by  heating  together  inodte  and 
orthophosphoric  acid. 

Contardi  (1909)^  claimed  to  have  synthesixed  ph3rtic  acid  in  this 
way  and  described  his  product  as  identical  with  the  natural  ph3rtiG 
acid  isolated  from  plant  material.  CaiT6  (1911)  was  unable  to 
substantiate  the  results  of  Contardi.  Jegorow  (1914)  using  a  similar 
method  obtained  a  substance  containing  organic  phosphorus.  The 
writer  (1912a)  showed  several  years  ago  that  inosite  tetraphoephoric 
acid  could  be  formed  by  heating  inosite  and  phoephonc  acid  to 
140-160**  C.  imder  reduced  pressure. 

Postemak  (1919c)  claimed  recentlv  to  have  synthesized  phytic 
acid  by  heating  a  muctiure  of  inosite,  pho^oric  acid,  and  phosphorus 
pentoxide.  He  states  that  the  synthetic  phytic  acid  was  isolated 
as  a  crystalline  double  calcium-eodiiun  salt  which  after  drying  at 
120"  had  the  composition  CJSnOtiP^Ca^a^  The  analytiosd  data 
are  not  given,  but  a  comparative  study  of  the  crystallography  of 
the  natural  and  the  synthetic  salts  is  described.  Postemak  calls 
this  acid  ''inosite  hexaphosphoric  acid"  but  he  represents  it  by 
the  formula  C^uOtjP^.  This  formula  differs  from  that  of  inosite 
hexaphosphoric  acid,  CeHuOsiPoi  by  containing  three  molecules 
more  of  HaO.  How  or  in  what  manner  these  extra  molecules  of 
water  are  combined  is  not  stated. 

As  a  result  of  his  earlier  experiments  to  i^ynthesise  ph3rtic  add 
by  heating  inosite  and  phosphoric  acid,  which  only  resulted  in  the 
formation  of  inosite  tetraphosphoric  acid;  and  in  view  of  the  fact 
that  ph3rtic  acid  always  decomposes  when  heated  into  mixtures  of 
inorganic  phosphoric  acid  and  lower  inosite  phosphoric  adds,  the 
writer  was  led  to  express  the  opinion  (1919)  that  ph3rtic  add  could 
never  be  synthesized  by  heating  together  inosite  iod  phosphoric 
acid. 

Since  the  method  adopted  by  Postemak  differed  from  those 
discussed  above  only  by  the  introduction  of  phosphorus  pentoxide, 
it  appeared  of  interest  to  repeat  his  work.  Accordingly  the  reaction 
between  inosite  and  a  mixture  of  phosphoric  add  and  phosphorus 
pentoxide  has  been  studied.  The  conditions  of  the  reaction  as 
described  by  Postemak  were  followed  closely. 

From  the  reaction  mixture  was  isolated  an  inodte  phosphoric 
add  which  was  not  identical  in  oompodtion  with  the  natural  phytic 
acid  altho  it  had  very  nearly  the  same  percentage  of  phosphorus 

^  Eef erenoe  to  literature  Cited,  p.  275. 
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The  substance  differed  not  only  in  oomposition  from  phytic  add, 
but  its  properties  and  reactions  with  reagents  also  differed  from 
those  of  phytic  acid  in  several  particulars. 

The  composition  of  this  new  inosite  phosphoric  acid,  as  deter- 
mined by  the  analyses  of  the  baritim  and  the  silver  salt,  and  of  the 
free  add  itself,  agrees  with  the  formula  CeHisOisPi*  This  corre- 
sponds to  inosite  dipyrophosphoric  add  in  which  two  hydroxyls 
of  eadi  molecule  of  the  pyrophosphoric  add  have  reacted  with  two 
alcoholic  hydroxyls  of  the  inosite  as  indicated  in  the  formula: 

HOHC CHOH 

OH 


o=i^-o 

<   I  I  /■ 

0«P— OHO CHO— PM) 

vy  ^OH 


HO   CHO— P=0 

No 


It  is  not  possible  to  state,  however,  whether  the  constitution  of 
the  add  is  accurately  indicated  by  this  formula,  for  the  inosite  may 
possibly  be  combined  with  a  more  condensed  phosphoric  add. 

The  barium  salt  of  this  new  acid  corresponds  to  the  formula 
CiiHuQttPsBac.  Such  a  substance  is  dther  a  mixture  of  the  mono- 
and  dibarium  salts  or  else  two  molecules  of  the  monobarium  salt 
are  united  by  one  atom  of  barium: 


CiH*0ieP4Ba 
GsHgOuP^Ba 


> 


The  silver  salt  is  precipitated  from  a  slightly  acid  solution,  on 
addition  of  silver  nitrate,  as  a  white  amor^ous  precipitate  which 
corresponds  to  the  tetrasilver  salt,  C6H80uP4Ag4. 

Experimental 

First  Synthesis 

Dry  orthophosphoric  acid,  56  grams,  was  heated  in  a  flask  to 
lOCr,  and  12  grams  of  dry  inosite  were  added.  The  inosite  was 
dissolved  by  continuing  the  heat  between  100-110^.  To  this  solu- 
tion were  added  90  grams  of  phosphorus  pentoxide  in  small  portions. 
A  very  considerable  increase  in  the  temperature  was  observed  when 
the  phosphorus  pentoxide  was  added.  The  mixture  was  well  stirred 
by  shaking  and,  finally,  by  a  glass  spatula.    The  flask  containing 
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the  reaction  mixture  was  then  heated  in  an  oil  bath  to  120-130^ 
for  three  hours.  It  was  cooled  to  room  temperature,  about  200  cc. 
of  water  were  added,  and  the  mixture  of  acids  was  dissolved  by 
adding  a  20  per  cent  solution  of  sodium  hydroxide  until  the  reaction 
was  faintly  alkaline  to  litmus.  The  solution  was  then  filtered  and 
concentrated  on  the  water  bath  and  set  aside  to  allow  sodium 
phosphate,  pyrophosphate,  etc.,  to  crystallize. 

The  crystsJs  were  filtered  off  on  a  Buchner  funnel  and  washed 
with  several  small  portions  of  cold  water.  The  filtrate  was  made 
up  to  500  cc.  with  water,  25  grams  of  sulfuric  acid  were  added,  and 
the  solution  was  heated  to  100^  for  one  hour,  for  the  purpose  of 
converting  any  pyrophosphoric  acid  into  orthophosphoric  acid.  It 
has  been  shown  by  Plimmer  (1913)  that  ph3rtin  is  not  appreciably 
hydrolyzed  by  such  treatment.  Sodium  hydroxide  was  then  added 
until  the  reaction  was  only  faintly  add. 

The  organic  and  the  inorganic  phosphoric  acids  which  were  present 
in  the  solution  were  then  precipitated  by  adding  a  concentrated 
solution  of  copper  acetate  in  excess.  The  copper  precipitate  was 
filtered  on  a  Buchner  funnel  and  washed  imtil  free  from  sulfates; 
then  it  was  suspended  in  water  and  decomposed  with  hydrogen 
sulfide.  The  copper  sulfide  was  filtered  off  and  the  excess  of  hydrogen 
sulfide  removed  by  a  current  of  air.  To  the  filtrate,  about  5  liters, 
were  added  400  grams  of  barium  chloride,  resulting  in  a  heavy  white 
amorphous  or  granular  precipitate.  This  precipitate  was  filtered  and 
washed  with  water  imtil  free  from  chlorides.  The  addition  of  an 
equal  volume  of  alcohol  to  the  filtrate  produced  a  voluminous  white 
precipitate  which  was  purified  as  wiU  be  described  later. 

Purification  of  the  Substance  Precipitated  by  Barium  Chloride 

The  moist  precipitate  was  rubbed  up  to  a  thin  paste  with  water 
and  brought  into  solution  by  adding  dilute  hydrochloric  acid  drop 
by  drop.  It  was  then  filter^  and  precipitated  by  adding  a  solution 
of  barium  hydroxide.  The  barium  salt  was  filtered  and  washed 
free  of  chlorides  with  water  and  again  dissolved  in  dilute  hydrochloric 
acid,  filtered,  and  precipitated  by  adding  an  equal  volume  of  95 
per  cent  alcohol.  The  above  mentioned  alternate  precipitations 
with  barium  hydroxide  and  alcohol  from  dilute  hydrochloric  acid 
were  repeated  four  times.  The  substance  was  further  precipitated 
twice  with  alcohol  from  dilute  hydrochloric  acid,  finally  washed 
with  dilute  alcohol  and  alcohol  and  ether,  and  dried  in  vacuum 
over  sulfuric  acid.  It  was  a  snow-white  amorphous  powder  and 
weighed  7.3  grams. 

Various  attempts  were  made  to  crystallize  this  barium  salt  by 
the  method  former!^  used  in  piurif3dng  barium  phytate  (1914a),  but 
without  success.    ^Die  amoriuious  salt  was  free  from  chlorides  and 
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inorganic  pkoephate  and  it  did  not  contain  any  wei|^ble  quantity 
of  sodium.  When  dissolved  in  dilute  nitric  add  it  gave  a  pure 
white  flocculent  precipitate  with  ammonium  molybdate.  In  strong 
solutions  this  precipitate  appears  immediately  while  in  yeiy  dilute 
solutions  it  comes  down  only  on  warming.  The  precipitate  remains 
pure  white  in  color  and  does  not  turn  yellow  on  warming  to  65^ 
or  on  standing  at  room  temperature  for  a  long  time.  Before  the 
inorganic  phosphate  had  been  removed  by  the  repeated  precipitation 
of  the  banum  salt  by  alcohol  from  dilute  hydrochloric  acid,  the 
white  precipitate  produced  by  the  ammonium  molybdate  assumed 
a  yellow  color  either  immediately  or  very  gradually^  depending 
upon  the  amoimt  of  inorganic  phosphate  which  was  present. 

Hie  substance  was  analyzed  after  drying  at  105^  in  vacuum  over 
phosphorus  pentoxide. 

0.2080  gm.  sabstanoe  gave  0.0427  gm.  HkO  and  0.1121  gm.  GQi. 
ai577    «  «  «     0.0861  gm.  BaS04  and  0.1018  gm.  MgiPsOr. 

Found:  C  =  10.26;  H  =  1.60;  P  =  17.99;  Ba  =»  32.12  per  cent. 
For  CiaHuOaPgBa.  =  1,334,  calculated:  C  =»  10.79;  H  =  1.34;  P  ==  18.59;  Ba  =« 
90.88  per  cent. 

Deducting  the  amount  of  barium  found  and  allowing  for  its 
equivalent  as  hydiogen  and  water  the  composition  of  the  free  acid 
was  calculated  as  follows: 

C  ==  15.01;  H  =  3.03;  P  =  26.34  per  cent. 

For  GiH]sOitP4«=464,  calculated:  C»  15.51;  H«2.58;  P»  26.72  per  cent 

Eicamination  of  the  Substance  Precipitated  by  Alcohol 

The  white  amorphous  precipitate  obtained  by  the  addition  of 
alcohol  to  the  filtrate  from  the  above  barium  salt  was  purified  by 
precipitating  it  alternately  fifteen  times  with  barium  hydroxide 
and  alcohol  from  dilute  hydrochloric  acid  in  the  manner  described 
above.  The  snow-white  amorphous  product  finally  obtained  gave 
in  nitric  acid  solution  a  voluminous  white  precipitate  with  ammonium 
molybdate  which  gradually  turned  yellow  on  warming,  thus  showing 
the  presence  of  inoi^anic  phosphate.  The  substance  was  then 
dissolved  in  200  cc.  of  very  dilute  hydrochloric  acid  and  precipitated 
by  adding  200  cc.  of  a  saturated  solution  of  barium  chloride.  The 
heavy  wMte  precipitate  which  separated  was  filtered,  washed,  and 
again  precipitated  several  times  from  dilute  hydrochloric  acid  by 
alcohol.  After  finally  filtering,  the  substance  was  washed  free  from 
chlorides  with  dilute  alcohol  and  then  washed  in  alcohol  and  ether 
and  dried  in  vacuum  over  sulfuric  acid.  The  snow-white  product 
weighed  4  grams.  Dissolved  in  dilute  nitric  acid  it  gave  a  voluminous 
pure  white  precipitate  with  ammonium  molybdate  which  did  not 
turn  yellow  on  heating.  The  inorganic  phosphate  had,  therefore, 
been  removed  completdy. 
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The  substanoe  was  analyoed  after  diying  at  105^  in  vaouum  over 
phosphorus  pentoxide. 

0.3343  gm.  substanoe  gftve  0.0399  gm.  HsO  and  0.1031  gm.  GCV- 
0.1768    **  "^         "     0.1058  gm.  BaS04  and  0.1135  gm.  KCghPsOr. 

Found:  C  =  8.41;  H  =  1.33;  P  =■  17.89;  Ba  ==  dS^lper  oent 
Calculated  to  free  acid:  C  =>  12.88;  H  =»2.83;  P«s 27.41  per  cent. 

The  composition  differs  considerably  from  that  of  the  first  prepara- 
tion obtained  by  precipitating  with  barium  chloride,  the  precentage 
of  carbon  being  lower  and  that  of  phosphorus  higher.  The  com- 
position approaches  that  of  phytin  or  inosite  hexaphosphoric  add, 
but  its  properties  differ  from  those  of  phytin  in  that  it  is  precipitated 
from  dilute  hydrochloric  acid  solutions  by  bariiun  cUoride  and, 
also,  in  that  its  solution  in  dilute  nitric  acid  gives  a  white  amorphous 
precipitate  with  ammonium  molybdate.  Further,  it  was  not  possible 
to  obtain  any  crystalline  bariiun  salts  by  the  method  used  with 
barium  phytates.  Another  difference  in  behavior  was  noticed  in 
that  the  addition  of  water  to  the  dilute  hydrochloric  acid  solution 
of  the  barium  salt  gave  a  white  precipitate. 

This  substance  was  probably  a  mixture  of  inosite  phosphoric 
acids,  but  the  nature  of  these  esters  could  not  be  determined. 

Second  Synthesb 

Since  in  the  first  experiment  no  evidence  had  been  obtained  of 
the  formation  of  phytic  acid  or  inosite  hexaphosphoric  acid,  it  was 
decided  to  study  the  reaction  between  inosite,  orUiophosphoric  acid, 
and  phosphorus  pentoxide  imder  conditions  varying  from  that  des- 
cribed above.    A  second  synthesis  was  therefore  carried  out  as  follows : 

Inosite,  9  grams,  dry  phosphoric  acid,  39  grams,  and  phosphorus 
pentoxide,  39  grams,  were  mixed  and  heated  in  a  flask  exactly  as 
described  before  except  that  the  temperature  of  the  oil  bath  did 
not  exceed  120^  and  the  mixture  was  heated  for  only  one  hour. 
The  reaction  mixture  was  worked  up  exactly  as  previoudy  described 
and  the  substance  precipitated  by  barium  chloride  was  pureed  in 
the  same  manner  as  the  first  preparation  by  precipitating  alternately 
with  barium  hydroxide  and  alcohol  from  dilute  hydrochloric  add 
until  the  dilute  nitric  acid  solution  gave  a  pure  white  predpitate 
with  ammonium  molybdate.  The  product  thus  prepared  was  a 
snow-white  powder  which  wd^ed  6.8  grams  after  drying  in  vacuum 
over  sulfuric  acid.  It  was  free  from  chlorides  and  inorganic  phosphate 
and  did  not  contain  any  bases  other  than  barium. 

The  substance  was  analyzed  after  drying  at  110^  in  vacuum  over 
phosphorus  pentoxide. 

0.3993  gm.  substanoe  gave  0.0558  gm.  HsO  and  0.1548  gm.  GO^. 
0.1835    "^  "  "     0.0938  gm.  BaSOi  and  0.1220  gm.  K£ghPsO». 

Found:  C  =«  10.57;  H  ==  1.66;  P  =  18.63;  Ba  =  30.08  per  cent. 
Calculated  to  free  add:  G»  16.03;  H»  2.83;  P»  26.34  per  cent. 
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^wlging  by  the  analytical  result  this  product  is  evidently  identical 
wSh  ue  one  obtained  in  the  first  synthesis. 

Thml  Synthesis 

In  a  third  experiment  9  grams  of  inosite,  39  grams  of  dry  phosphoric 
addy  and  39  grams  of  phosphorus  pentoxide  were  heated  for  one 
hour  in  an  oil  bath  having  a  temperatiure  of  115-120^.  The  reaction 
product  was  isolated  in  the  same  manner  as  before.  The  substance 
after  drying  in  vacutun  over  sulfuric  acid  weighed  11.7  grams.  It 
was  free  from  chlorides  and  inorganic  phosphate,  and  bases  other 
than  barium  were  absent. 

For  analysis  the  substance  was  dried  in  vacutun  at  105^  over 
phosphorus  pentoxide. 

0.3543  gm.  wilnrtaiicft  gave  0.0535  gm.  HsO  and  0.1419  gm.  C0|. 
0.1801    «  «  «     0.0013  gm.  BaS04  and  0.1270  gm.  M&P,Or. 

Found:  C  » 10.02;  H  «=  1.68;  P  » 18.72;  Ba  »  28.41  per  cent. 
CSaleolated  to  firae  add:  C  » 15.17;  H  »  2.90;  P  =  25.99  per  cent. 

The  percentage  of  barium  varied  in  these  different  preparations, 
yet  when  the  bariimi  is  deducted,  allowing  for  corresponding  quan- 
tities of  hydrogen  and  water,  fairly  concordant  results  are  obtained 
for  the  composition  of  the  acid.  These  analytical  results  as  shown 
below  agree  with  an  acid  having  the  composition  C6HuOi«P4. 

Ear  CVHuOitPi  calculated. .  .0  =»  15.51;  H  »  2.58;  P  =  26.72  per  cent. 

Found  fint  qmtheris G»  15.01;  H »3.03;  P«26.34    '^       '^ 

Found  second  ^Tntheeis C  » 15.03;  H  ==  2.83;  P  »  26.34    '^        « 

Found  third  ^Tntheab G  «=  15.17;  H  »  2.90;  P  =  25.99    *       * 

Purification  of  the  Barimn  Salt 

In  the  hope  of  obtaining  a  homogeneous  cryBtalline  salt  of  this 
add  the  following  experiment  was  made.  The  three  barium  precipi- 
tates of  identical  composition  obtained  by  precipitating  with  barium 
chloride  were  imited.  The  mixture  weighed  22.8  grams.  It  was 
rubbed  up  to  a  fine  thin  paste  with  200  cc.  of  water  and  brought' 
into  solution  by  adding  just  sufficient  dilute  hydrochloric  acid. 
The  solution  was  filtered  and  to  it  was  added  slowly  and  with  con- 
stant shaking  a  concentrated  solution  of  11  grams  of  barium  chloride. 
TIlo  precipitate  which  formed  at  first  dissolved  on  shaking  and 
warming  ibe  mixture  to  about  65^.  After  adding  all  the  barium 
chloride  a  slight  permanent  cloudiness  remained  which  did  not 
dear  up  on  warming.  The  solution  was  then  allowed  to  cool  and 
to  stand  at  room  temperature  over  night.  A  heavy  white  powder 
s^wrated  gradually.  This  substance  was  not  cr3rstalline  but  it 
consisted^  as  shown  under  the  microscope,  of  uniform  transparent 
granuks  or  gbbiilar  partides. 
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This  substance  was  filtered  off,  washed  with  water  and  then  with 
alcohol  and  ether,  and  allowed  to  dry  in  the  air.  The  snow-white 
powder  weighed  3.1  grams.  In  nitric  acid  solution  it  gave  no 
reaction  wim  silver  nitrate,  and  ammonium  molybdate  produced 
a  voluminous  pure  white  precipitate  indicating  that  it  was  free 
from  chlorides  and  inorganic  phosphate.  To  the  filtrate  from  this 
preparation  was  added  a  concentrated  solution  of  20  grams  of 
barium  chloride  in  the  same  manner  as  before  until  a  faint  per- 
manent cloudiness  remained.  After  standing  over  night  a  further 
quantity  of  the  globular  precipitate  had  separated  whidi,  imder 
the  microscope,  appeared  to  be  identical  with  the  first  preparation. 
This  was  filtered  off,  washed  and  dried  as  before,  and  was  also  found 
to  be  free  from  chlorides  and  inorganic  phosphate. 

These  preparations  were  analyzed  after  drying  to  constant  weight 
at  105^  in  vacuiun  over  phosphorus  pentoxide. 

The  first  globular  preparation  gave  the  following  results  on 
analysis: 

0.3784  gm.  subitanoe  lost  0.0536  gm.  on  drying. 
0.1813    «  «         «   0.0257  gm.  on  drying. 

0.3248    "  «      gave  0.0463  gm.HsO  and  ai267gnLCOi. 

0.1476   «  «         «   0.0757  gm.  BaS04  and  0.0986  gm.  AfgiPtOr. 

Found:  G  =  10.63;  H  » 1.50;  P  =  18.62;  Ba  =  30.18;  HsO  =  14.16  per  cent. 
For  GuHtfOtoPaBai  =»  1,334,  calculated:  C>»  10.79;  H«»1.34;  P=:  18.59;  Ba  = 
30.88  per  cent. 
For  12  HtO,  calculated:  13.93  per  cent 

The  second  preparation  gave  the  following  results: 

0.2834  gm.  substance  gave  0.0382  gm.  HtO  and  0.1050  guL  C0|. 
0.1887    «  «  «     0.1062  gm.BaS04  and  0.1224  gm.MgJ>,Or. 

On  d^ing  it  lost  14.61  and  14.51  per  cent  of  water. 
Found:  C  » 10.10;  H  =:  1.50;  P  =  18.08;  Ba  =  33.12  per  cent 

In  these  preparations  the  percentage  of  barium  again  varies,  but 
on  deducting  the  amount  of  barium  found  and  allowing  for  a  corre- 
sponding quantity  of  hydrogen  and  water  the  following  results  are 
obtained: 

First  globular  precipitate G  »=  15.14;  H  =  2.88;  P  —  26.30  per  cent. 

Second        «  «       C  =  15.01;  H  =  2.92;  P«  26.84    «        « 

Calculated  for  GAtOuPi C  =  15.51;  H»  2.58;  P  =  26.72    "        "> 

'  Preparation  of  the  Acid 

The  free  acid  was  prepared  from  3  grams  of  the  globular  salt. 
The  barium  was  removed  with  a  slight  excess  of  sulfuric  acid  and 
the  barium  sulfate  filtered  off.  The  filtrate  was  precipitated  with 
an  excess  of  copper  acetate,  filtered,  and  washed  free  of  sulfates. 
The  copper  salt  was  decomposed  in  aqueous  suspension  by  hydnc^en 
sulfide.    The  copper  sulfide  formed  an  exceedingly  pereistent  colloidal 
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solution  which  it  was  very  difficult  to  break  up  and  so  mudi  time 
was  consumed  in  this  operation  that  some  hydrolysis  of  the  acid 
occurred,  as  shown  by  the  fact  that  its  dilute  solution  gave  a  white 
precipitate  with  ammonium  molybdate  which  gradually  turned 
yellow  in  color.  Equally  poor  success  was  experienced  with  a 
second  preparation  of  the  free  acid  in  which  lead  was  substituted 
for  copper.  After  the  copper  sulfide  had  finally  been  removed  the 
solution  was  concentrated  under  reduced  pressure  at  a  temperature 
not  exceeding  40^  and  then  dried  in  vacuum  over  sulfuric  acid. 
The  acid  was  obtained  as  a  colorless  thick  syrup  which  quickly 
dried  forming  a  hard  brittle  mass.  It  was  readily  soluble  in  water 
and  alcohol  and  it  showed  no  tendency  whatever  to  crystallize. 
The  addition  of  ether  to  the  alcoholic  solution  of  the  acid  caused  it 
to  separate  as  small  oily  drops. 

The  acid  was  analyzed  after  drying  to  constant  weight  in  vacuum 
at  78°  over  phosphorus  pentoxide.  On  drying  at  thui  temperature 
the  acid  darkened  slightly  in  color  indicating  some  decomposition. 

0.1464  gm.  substance  gave  0.0370  gm.  HtO  and  O.0613  gm.  CCV. 
0.1588    «  «  «     0.1480  gm.  MgO'iOr. 

Found:  C  =  15.16;  H  ==  2.89;  P  =  25.97  per  cent. 

0.1565  gm.  of  the  dry  acid  dissolyed  in  50  cc  of  water  required  15.4  oo.  of  0.1  n 
NaOH  using  phenolphthalein  as  indicator. 
For  GeH«06  [PiOk(OH)3]s,  calculated:  13.5  cc.  of  0.1  N  NaOH. 

After  titrating  the  above,  an  excess  of  neutral  barium  chloride 
was  added  which  caused  a  white  precipitate  of  the  barium  salt 
and,  at  the  same  time,  an  increase  in  the  acidity  which  required 
6.9  cc.  of  0.1  N  NaOH  for  neutralization.  If  we  assume  that  the 
two  free  alcoholic  hydroxyls  in  the  inosite  ring  became  acidic  by 
reason  of  the  presence  of  the  adjacent  add  molecules  a  hexa^basic 
add  would  then  be  formed.  For  C»H«(0H)a04  [PiOsCOH),],,  calcu- 
lated: 20.2  cc.  of  0.1  N  NaOH.  As  wilL  be  noticed,  an  excess  of 
alkali  was  required  but  this  was  probably  due  to  the  slight  hydrolysis 
<bf  the  add  during  the  preparation,  of  which  mention  has  been  made. 

Properties  of  the  Free  Acid 

The  aqueous  solution  of  the  add  gave  white  amorphous  pre- 
dpitates  on  adding  silver  nitrate,  barium  chloride,  or  caldum 
chloride.  Magnesium  chloride  gave  no  precipitate  in  the  cold  but 
on  warming  a  white  precipitate  was  formed  which  redissolved  on 
cooling.  Copper  sulfate  in  excess  save  a  bluish  white  precipitate. 
Ferric  chloride  gave  a  yellowish  white  predpitate  which  was  very 
insoluble  in  hydrochloric  acid.  A  dilute  solution  of  the  acid  immedi- 
dately  precipitated  egg  albumin.  As  stated  before  anmionium 
molybdate  produced,  even  in  dilute  solutions,  a  white  flocculent 
predpitate  dtiier  immediately  or  on  warming.    This  predpitate. 
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owing  apparently  to  partial  hydrolyBis  of  the  acid  during  its  prepara- 
tion, gradually  turned  yellow  in  color  when  the  solution  was  warmed. 
Phytic  acid  is  not  precipitated  from  aqueous  solutions  by  barium 
or  calcium  chlorides.  Ammonium  molybdate  produces  a  white  granu- 
lar or  crystalline  precipitate  with  phytic  acid  only  in  concentrated 
solution. 

Preparation  of  the  Silver  Salt 

An  aqueous  solution  of  the  acid  was  nearly  neutralized  with 
ammonia  and  then  acidified  by  adding  a  few  drops  of  nitric  acid. 
Silver  nitrate  was  added  in  slight  excess  and  the  white  amorphous 
precipitate  was  filtered,  washed  in  water  and  alcohol  and  ether, 
and  dried  in  vacuum  over  sulfuric  acid.  The  resulting  silver  salt 
was  a  nearly  white  amorphous  substance  which  was  very  slightly 
sensitive  to  light  and  on  moist  litmus  paper  it  showed  only  a  faint 
acid  reaction. 

The  salt  was  analysed  after  drying  at  106^  in  vacuum  over 
phosphorus  pentoxide. 

0.2584  gm.  substanoe  B^ye  0.0257  gm.  HtO  and  0.0778  gm.  CO^ 

0.2359    «  «         «     0.1497  gm.  AgCl  and  0.1156  gm.  M&PsOr. 

Found:  C  =  8.15;  H  =  1.11 ;  P  =  13.66;  Ag = 47.76  per  oent. 

For  GtH80uP«Agi,  calculated:  O»8.07;  H»0.89;  P«=  13.91;  Ag^48.40  per  oent 

Hydrolysis  of  the  Synthetic  Preparation  Into  Inosite  and  Phos- 
phoric Acid 

The  barium  salt  was  hydrolyzed  by  heating  in  an  autoclave  to 
140^150^  for  2|  hours  with  dilute  sulfuric  acid.  After  cooling,  the 
inosite  was  isolated  in  the  usual  way  and  reciystallized  several 
times  from  water  with  the  addition  of  alcohol.  The  quantity  of 
pure  recrystaUized  inosite  which  was  obtained  corresponded  to  84 
per  cent  of  the  theoretical  amoimt.  The  substancegave  the  reaction 
of  Scherer  and  melted  at  223^  (uncorrected).  That  it  was  pure 
inosite  was  shown  by  its  crystal  form,  melting  point,  and  the  Scherer 
reaction,  and  analysis  was  therefore  omitted. 
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n.    COMPOSITION  OF  INOSITE  PHOSPHORIC  ACID  OP 

PLANTS 

Intboduction 

A  number  of  investigators  have  isolated  and  studied  inosite 
phosphoric  add  compounds  derived  from  seeds  and  various  feeding 
matcoiaL  (See  Anderson,  1919,  and  Rose,  1912.)  Unforttmately, 
there  is  no  agreement  among  these  investigators  as  to  the  composition 
of  the  phytic  acid  or  inosite  phosphoric  acid,  nearly  every  worker 
in  this  field  having  found  one  or  more  substances  which  differ  in 
composition  from  moee  analysed  by  others. 

Postemak  (1903  a,  b,  and  c),  who  first  carefully  studied  this 
substance,  concluded  from  his  data  of  the  aDalyses  of  crystalline 
double  calcium-sodium  salts  that  phytin  was  a  salt  of  an  acid  having 
the  formula  CsH809Ps*  On  theoretical  grounds  Neuberg  (1908) 
suggested  that  this  formula  should  be  multiplied  by  3.  viz  CJGEmC^Po* 
On  equally  theoretical  grounds  it  was  assumed  by  Suzuki  and  col- 
laborators (1907)  that  the  add  was  an  hexaphosphoric  acid  ester 
of  inodte,  CeHuOsiPc.  Starkenstein  (1910),  Vorbrodt  (1910),  and 
others  elaborated  more  complex  formulas  for  tiie  acid.  Patten  and 
Hart  (1904)  and  Hart  and  Tottingham  (1909)  regarded  the  substances 
which  they  analyzed  as  identical  with  the  phytin  of  Postemak. 

In  earlier  ];)apers  from  this  laboratory  (1912a)  it  was  assumed 
that  the  phytic  acid  formula  according  to  Postemak  and  Neuberg 
was  correct,  and  the  analytical  data  from  amorphous  phytin  prepara- 
tions were  in  close  agreement  with  this  formula.  But  in  isolating 
the  organic  phosphoric  acid  of  cottonseed  meal  (1913),  we  were 
able  to  obtain  crystalline  barium  salts  which  corresponded  closely  in 
composition  to  salts  of  inosite  hexaphosphoric  acid.  Identical  crystal- 
line salts  were  later  obtained  from  oats,  com,  commercial  phytin 
(1914a),  wheat  bran  (1915d),  and  more  recently  from  maple  seed} 

These  barium  salts  had  been  veiy  carefully  piuified  by  repeated 
recrystallization  imtil  the  composition  remained  constant.  Two 
types  of  barium  salts  were  obtamed  corresponding  to  the  following 
formulas,  CeHi^OsiPeBa^  and  (C6HuOs4Pft)sBa7.  The  first  or  tri- 
hEirium  inosite  hexaphosphate  crystallizes  slowly  in  rosettes  of 
microscopic  needles  after  addition  of  alcohol  to  a  solution  of  the 
barium  salt  in  dilute  hydrochloric  add.  The  second  salt,  which 
may  be  regarded  either  as  a  hepta-barium  inosite  hexaphosphate 
or  as  a  mixture  of  equal  parts  of  tri-  and  tetrabarium  inosite  hexa- 
phosphate, is  obtained  on  heating  a  solution  of  the  barium  salt  in 
dilute  hydrochloric  acid  in  the  presence  of  an  excess  of  barium 
chloride,  or  it  separates  slowly  as  a  heavy  powder  or  crystalline 

1  An  ftoeount  of  this  work  will  be  publishad  later. 
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crust  when  a  dilute  hydrochloric  acid  solution  of  the  barium  salt 
containing  a  large  excess  of  barium  chloride  is  allowed  to  stand  at 
room  temperature. 

Thompson  (1915)  obtained  similar  crystalline  barium  salts  from 
the  inosite  phosphoric  acid  of  rice  bran  and  Robinson  and  Mueller 
(1915)  from  wheat  bran.  Clarke  (1914  and  1915)  and  Boutwell 
(1917),  using  similar  methods,  isolated  substances  from  wild  Indian 
mustard  and  wheat  bran  which  differed  considerably  in  composition 
from  salts  of  inosite  hexaphosphoric  acid.  Ratiier  (1913)  has 
expressed  the  opinion  that  ^e  preparations  which  he  had  isolated 
were  not  salts  of  inosite  hexaphosphoric  acid  but  of  acids  represented 
by  various  formulas  such  as  C4H17O1&P8,  C6H17P4  On,  and  C^HuPsOu; 
but  later  he  believed  that  the  composition  was  best  represent-ed  by 
the  formula  CuHiiOisP*.  In  a  more  recent  publication  (1918)  it  is 
stated  by  this  author  that  the  composition  of  the  inosite  phosphoric 
acid  of  plants  is  equally  well  expressed  either  by  the  formula 
CiiEtiOisPa  or  by  tiie  formula  of  inosite  pentaphosphoric   acid, 

CeHizOjiPs. 

It  is  possible  that  substances  having  the  composition  described 
by  Rather  may  be  isolated  from  plant  material.  We  believe,  how- 
ever, when  inosite  penta-,  tetra-,  or  other  lower  inosite  phosphoric 
acids  are  found  that  they  have  been  formed  thru  partial  hydrolysis 
of  the  inosite  hexaphosphoric  acid.  Such  partial  hydrolysis  may 
occur  either  in  the  plant  material  itself  during  storage  as  found  by 
Rather  (1917)  in  cottonseed  meal  and  by  the  writer  in  maple  seed; 
or  else  it  may  occur  during  the  process  of  isolating  the  substance 
thru  enzymatic  action  when  the  material  is  digested  in  water,  as 
shown  by  Suzuki  and  collaborators  (1907),  or  on  digestion  in  very 
dilute  acids  as  shown  by  the  writer  (1915c)  and  later  confirmed  by 
Boutwell  (1917). 

Moreover,  the  analytical  data  presented  by  Rather  do  not  prove 
conclusively  that  the  composition  of  the  inosite  phosphoric  add 
of  plants  corresponds  to  inosite  pentaphosphoric  acid.  It  was 
suggested  by  the  writer  some  years  ago  (1915a)  that  the  strychnine 
salts  are  not  suitable  for  the  identification  of  inosite  phosphoric 
acid  because  the  great  basicity  of  the  acid  gives  salts  of  very  high 
molecular  weight.  Slight  differences  in  composition  of  the  acid 
can  not  be  determined,  therefore,  by  analysis  of  such  salts  for  the 
reason  that  analytical  errors  may  be  greater  than  the  difference  in 
calculated  percentage  composition.  This  is  illustrated  in  Table  1. 
In  the  first  coliunn  is  given  the  average  of  the  16  strychnine  salts 
analyzed  by  Rather,  in  the  second  column  the  calculated  com- 
position of  tetra-strychnine  inosite  pentaphosphate,  and  in  the  third 
column  the  calculated  percentage  of  a  mixture  assumed  to  consist 
of  two  parts  of  penta-strychnine  and  one  part  of  tetranstrychnine 
inosite  hexaphosphate. 
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TaBLB  1. —  COKPABATXYB  COMPOSITION  OF  STBTCHHXNa  SaLIB. 


AVBRAOB  or  16 

▲NALTSBS  BBPOBTBD 

BT  IUtHSB 


CaLCITLATBD  fob  TBTBiL- 

STBTCHNINB  INOSITE 

PENTAPH08PHATB, 

G|Hi70iiP»(CnHaNsOi)« 


CalGULATBD  FOB 

2  [C6HuOi«P.(CnH»N,0|)J+ 
GiHisOi«P.(CnH»NtO04 


G  55.90  per  cent 

H  5.76    «        « 

N  5.46    «        « 

P  8.45    «        « 


C  56.36  per  cent 

H  5.48    «        • 

N  5.84    «        • 

P  8.08    •        • 


C  56.25  per  oeat 

H  5.43    «        « 

N  5.88    «        • 

P  8.38    «        • 


It  is  self-evident  that  such  slight  differences  in  percentage  com- 
position as  exist  between  the  above  formulas  can  not  be  determined 
accurately  by  analysis.  Having  due  regard  for  the  limit  of  error 
in  anal3rtiGal  work,  we  do  not  believe  that  the  data  of  the  above 
author  present  any  definite  proof  that  inosite  pentaphosphoric  acid 
exists  in  plants. 

Postemak  (1919  a  and  b)  has  recently  called  attention  to  his 
earlier  work  and  again  he  describes  the  crystalline  double  calcium- 
sodium  salt  which  he  analyzed  several  years  ago.  At  the  present 
time  this  author  accepts  the  ph3rtic  acid  formula  proposed  by 
Neuberg,  viz  CtBiuOnP^.  This  formula  differs  from  tlutt  of  inosite 
hexaphosphoric  acid  by  containing  three  molecules  more  of  HsO| 
C6Hi8O84P6+3HaO=C6HM027P».  Ih  what  manner  these  three 
molecules  of  water  are  combined  in  the  acid  is  not  explained. 
Postemak  not  only  believes  that  the  phytic  acid  existing  in  plant 
material  has  this  formula  but  he  claims  to  have  synthesized  an 
identical  acid  (1919c)  by  heating  a  mixture  of  inosite.  phosphoric 
add,  and  phosphorus  pentoxide. 

On  repeating  these  experiments  on  the  synthesis  of  phytic  add, 
the  writer  was  unable  to  confirm  the  conclusion  of  Postemak  that 
inosite  hexaphosphoric  acid  or  ph3rtic  acid  was  formed.  The  only 
product  which  he  could  isolate  from  the  reaction  mixture  corre- 
sponded to  the  formula  C0HisOi6P4y  which  is  evidently  an  inodte 
ester  of  pyrophosphoric  acid.  Tbis  new  acid  possesses  very  nearly 
the  same  percentage  of  phosphorus  as  phytic  acid,  but  in  properties 
and  reactions  it  mffers  from  this  substance  in  several  particulars. 

In  view  of  the  disparity  in  the  results  of  the  several  investigators. 
Patten  and  Hart,  Clarke,  Boutwell,  Rather,  Robinson  and  Mueller, 
and  the  writer,  as  to  the  composition  of  the  phytic  acid  of  wheat 
bran,  this  substance  has  been  re-investigated. 

It  was  noticed  in  this  laboratory  that  when  wheat  bran  is  digested 
in  about  0.2  per  cent  hydrochloric  acid  that  compounds  differing 
in  compodtion  from  inodte  hexaphosphoric  acid  are  obtained  (1912b). 
From  this  mixtture  of  organic  phosphoric  acids  we  were  able  to 
id^itify  two,   inodte   monophosphoric   acid    (1914b)    and   inodte 
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triphosphoric  acid  (1915a).  It  was  found  later,  however,  on 
digesting  wheat  bran  in  0.5  or  1.0  per  cent  hydrochloric  add  that 
salts  of  inosite  hexaphosphoric  acid  (1915d)  were  obtained,  and  it 
was  also  found  that  the  stronger  acid  destroyed  the  aisyme  phytase 
which  hydrolyzed  the  inosite  hexaphosphoric  add  when  the  bran 
was  digested  in  0.2  per  cent  hydrochloric  add. 

In  the  present  investigation  it  was  found  that  the  crystalline 
barium  salts  corresponded  very  closely  in  composition  to  those 
previously  obtained  from  this  material.  The  work  fully  confirms 
not  only  oiu*  earlier  results  with  respect  to  the  compodtion  of  the 
phytic  acid  of  wheat  bran,  but  the  results  are  also  in  agreement 
with  the  preparations  isolated  from  cottonseed  meal,  oommerdal 
phytin,  oats,  com,  and  maple  seed  which  have  been  reported  from 
this  laboratory. 

The  relation  of  carbon  to  phosphorus  in  all  of  these  carefully 
piuified  and  many  times  recrystallized  barium  salts  is  in  the  ratio 
of  6:6.  The  percentage  of  phosphorus  is  slightly  higher  and  the 
percentage  of  carbon  is  slightly  lower  than  is  requued  by  the  phytic 
add  formula  of  Postemak.  We  have  been  forced  to  the  concludon, 
therefore,  that  the  assumption  of  Suzuki  and  collaborators,  that 
phytic  add  is  inodte  hexaphosphoric  acid,  CsHuOMPa,  is  correct. 

ExPBRIAiBNTAIi 

Preparation  of  the  Barium  Salt 

The  usual  procedure  of  isolating  the  substance  from  the  wheat 
bran  was  slightly  modified.  The  following  method,  which  was 
found  to  be  tiie  most  satisfactoiy,  is  here  briefly  described.  The 
wheat  bran,  3  kilograms,  was  digested  in  12  liters  of  2  per  cent 
hydrochloric  acid  for  five  hours  with  frequent  stirring.  It  was  then 
strained  thru  cheese  doth  and  the  extract  was  freed  from  sus- 
pended starch,  etc.,  by  centrifuging  and  finally  by  filtering  thru 
a  layer  of  paper  pulp.  To  the  clear  filtrate  was  added  suffident 
sodium  acetate  to  bind  the  free  hydrochloric  acid.  The  phosphorus 
compounds  were  then  precipitated  by  adding  a  concentrated  solution 
of  barium  chloride  until  no  further  predpitate  was  produced.  After 
settling,  the  supernatant  liquid  was  syphoned  off  and  the  barium 
salt  was  freed  from  the  mother  Uquor  by  centrifuging  and  then 
filtering  and  washing  with  water  on  a  Buchner  funnel. 

The  washed  precipitate  was  suspended  in  water  and  the  barium 
was  removed  by  adding  a  slight  excess  of  sulfuric  add.  After  the 
barium  sulfate  had  settled,  it  was  filtered  off  and  the  dear  filtrate 
was  precipitated  by  adding  a  solution  of  copper  acetate.  The 
i-esulting  copper  salt  was  filtered  and  washed  free  of  sulfates  witii 
water  and  was  then  suspended  in  water  and  decomposed  with 
hydrogen  sulfide.    The  copper  sulfide  was  removed  and  the  filtrate 
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freed  from  excess  of  hydrogen  sulfide  with  a  current  of  air  and  then 
precipitated  by  adding  a  solution  of  barium  hydrate.  The  barium 
salt  was  filtered  and  washed  thoroly  with  water.  It  was  dissolved 
in  dilute  hydrochloric  acid,  filtered,  and  re-precipitated  with  barium 
hydrate.  After  precipitating  in  this  manner  seven  times  with 
barium  hydrate,  the  substance  was  precipitated  four  times  with 
alcohol  from  dilute  hydrochloric  acid.  It  was  finally  filtered  and 
washed  free  of  chlorides  with  dilute  alcohol  and  alcohol  and  ether, 
and  dried  in  vacuum  over  sulfuric  acid.  The  substance  was  a 
snow-white,  bulky,  crystalline  powder  and  it  gave  no  reaction  with 
ammonium  molybdate  indicating  absence  of  inorganic  phosphate. 
It  weighed  95  grams.    Bases  other  than  bsuium  were  absent. 

For  the  purpose  of  removing  any  oxalic  acid  which  might  have 
been  retained,  the  substance  was  dissolved  in  dilute  hydrochloric 
add  and  to  it  waa  added  a  concentrated  solution  of  20  grams  of 
barium  chloride.  After  standing  over  night  the  slii^t  precipitate 
iKdiiich  had  formed  was  filtered  off  and  the  filtrate  precipitated  by 
adding  an  equal  volume  of  95  per  cent  alcohol.  Tlie  substance  waa 
filtered  and  washed  in  dilute  alcohol  until  free  from  chlorides  and  then 
washed  in  alcohol  and  ether  and  dried  in  vacuum  over  sulfuric  acid. 

The  substance  was  further  crystallised  as  follows:  It  was  dis- 
solved in  dQute  hydrochloric  acid  and  the  free  acid  nearly  neutralised 
by  adding,  with  constant  shaking,  a  dilute  solution  of  barium 
hydrate  untQ  a  faint  permanent  cloudiness  remained.  The  solution 
was  filtered  and  alcohol  was  added  slowly  with  shaking  until  a 
slii^t  permanent  precipitate  was  produced.  The  solution  was  again 
filtered  and  a  few  grams  of  barimn  chloride  were  added  and  the 
whole  allowed  to  stand  at  room  temperature  for  24  hours.  The 
barium  salt  separated  slowly  as  a  compact  mass  consisting  of  rosettes 
or  globular  masses  of  microscopic  needles.  The  sulxttance  was 
recrystallized  in  this  manner  three  times.  The  crystalline  precipi- 
tate was  finally  washed  in  dilute  alcohol  until  free  from  chlorides 
and  then  in  absolute  alcohol  and  ether.  For  analysis  portions  of 
(his  material  were  further  reGr3rstallized  as  indicated  bdbw. 

Preparation  of  Hepta-barium  Inosite  Hexaphosphate 

Ten  grams  of  the  above  substance  were  dissolved  in  dilute 
hydrochloric  acid,  the  free  acid  was  nearly  neutralized  with  a  dilute 
solution  of  barium  hydrate,  and  the  solution  filtered.  To  this  was 
added  10  grams  of  barium  chloride  and  the  solution  was  allowed  to 
stand  at  room  temperatiu'e  for  two  days.  The  substance  separated 
slowly  as  a  heavy  compact  crystalline  crust  which  consisted  of  small 
rosettes  of  microscopic  needle-shaped  crystals.  It  was  recrystallized 
a  second  time  in  the  same  way  and  was  then  filtered,  waa^ed  with 
water  until  free  from  chlorides,  and  finally  washed  in  idcohol  and 
ether  and  dried  in  the  air. 
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For  analysis  the  substance  was  dried  at  105^  in  vacuum  over 
phosphorus  pentoxide.    It  lost  on  drying  10.91  per  cent  HsO. 

Found:  C  =»  6^;  H  =»  1.16;  P  =  16.32;  Ba=42.55  per  cent 

A  second  preparation  recrystallized  as  above  gave  the  following 
result: 

Found:  C=^(^.42;  H=»1.22;  P«  16.34;  Ba=»42.55;  HiO»9.71  per  cent. 
Calculated  for  (C|HuOMP6)sBar  14  HtO: 

C  =  6.35;  H  =  0.a7;  P  =  16.40;  Ba=42.30;  H«0  =  10.00  per  cent 

Preparation  of  Tri-barium  Inosite  Hexaphosphate 

Ten  grains  of  the  purified  barium  salt  were  dissolved  in  dilute 
hydrocUoric  acid  and  the  filtered  solution  was  precipitated  by 
adding  an  equal  volume  of  95  per  cent  alcohol.  The  amorphous 
precipitate  after  standing  for  about  24  hours  in  contact  mOi  the 
mother  liquor  assumes  a  crystalline  form  which  appears  to  be 
identical  with  that  described  above,  L  e.,  it  consists  of  very  minute 
rosettes  of  microscopic  needles.  It  was  then  filtered  and  washed 
with  30,  50,  and  95  per  cent  alcohol  imtil  free  from  chlorides  and 
after  displacing  the  alcohol  with  ether  the  substance  was  dried  in 
vacuum  over  sulfuric  acid.  The  product  was  recrystalUzed  three 
times  in  this  manner.  It  was  obtained  as  a  snow-white,  bulky, 
crystalline  powder  which  gave  no  reactions  for  either  chlorides  or 
inorganic  phosphate. 

For  analysis  it  was  dried  in  vacuum  at  105^  over  phosphorus 
pentoxide. 

Found:  C  =  6.73;  H  =  1.69;  P  =  16.93;  Ba  =  38.60  per  cent. 
Found:  C  =  6.79;  H  =  1.30;  P  =  17.10;  Ba  =  39.00  per  cent. 
Calculated  for  GeHuOMPeBat: 

C  =  6.76;  H  =  1.12;  P  =  17.44;  Ba  =  38.65  per  cent. 

Preparation  of  the  Silver  Salt 

Three  grams  of  the  recrystallized  heptarbarium  salt  were  suspended 
in  water  and  the  barium  precipitated  with  a  slight  excess  of  sul- 
furic acid.  After  filtering  off  the  barium  sulfate  the  solution  was 
precipitated  with  copper  acetate.  The  copper  salt  was  filtered, 
wadied,  suspended  in  water,  and  decomposed  with  hydrogen  sulfide. 
After  filtering  off  the  copper  sulfide  and  removing  the  excess  of 
hydrogen  sulfide  with  a  current  of  air  a  colorless  solution  of  the 
free  acid  was  obtained.  Ten  cubic  centimeters  of  this  filtrate  were 
titrated  with  0.1  n  NaOH  and  the  calculated  quantity  of  ammonia 
was  added  to  the  balance  of  the  solution.  This  produced  a  slightly 
alkaline  reaction.  Silver  nitrate  was  added  in  slight  excess.  The 
heavy  white  precipitate  of  the  silver  salt  was  filtered  and  washed 
thoroly  in  water  and  then  dried  in  vacuum  over  sulfuric  acid.  The 
silver  salt  was  a  nearly  white,  heavy,  amorphous  powder. 
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It  was  analyaed  after  diying  at  105^  in  vacuum  over  phosphorus 
poatoxide.    It  turned  quite  cUirk  in  color  on  drying. 

Found:  C  =»  3.82;  H  =>0.49;  P  =  9.56;  A«  ==  66.08  per  cent 

p  =s  9.57;  Ag  =  66.18  per  cent 
CSaleolated  for  CAO^tAgu: 

C  =»  arO;  H  =»  OJO;  P  »  9.67;  Ag  »  66.64  per  eent. 

Another  silver  salt  was  prepared  in  the  same  way  as  above  except 
that  it  was  made  from  a  phytic  acid  preparation  which  had  been 
purified  as  a  crystalline  strychnine  salt. 

Foimd:  O  =»  3.90;  H  =  0.54;  P  »  9.48;  Ag  »  66.56  per  oent 

These  preparations  are  apparently  neutral  silver  salts  of  inosite 
hexaphoephoric  add.  All  omer  silver  salts  which  have  been  pre- 
pared and  analyzed  have  been  acid  salts.  It  was  hoped  that  a 
neutral  ester  of  inosite  hexaphosphoric  acid  might  be  obtained  by 
the  action  of  methyl  iodide  upon  the  neutral  silver  salt.  However, 
all  attempts  to  prepare  such  an  ester  were  unsuccessful  and  only 
strongly  acid  syrups  were  obtained. 
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BOTANY 


EXPERIMENTS  ON  THE  SPACING  OF  POTATO 

PLANTS* 

p.  C.  STEWART 

SUMMARY 

The  principal  object  of  the  experiments  here  described  was  to 
determine  the  feasibility  of  employing  close  planting  in  the  production 
of  seed  potatoes  as  a  means  of  improving  the  quality  of  the  crop 
thro  a  reduction  in  the  average  size  of  the  tubers. 

The  experiments  were  conducted  at  Geneva  during  five  seasons 
and  devoted,  chiefly,  to  a  comparison  of  6-  by  d6-inch  planting  with 
15-  by  36-inch  planting.  The  soil  was  a  heavy  clay  loam  of  medium 
fertility.  The  variety  Sir  Walter  Raleigh  was  used  in  1914,  1915, 
1917,  and  1918,  and  Enormous  No.  9  in  1919.  Rows  of  thick  and 
thin  planting  were  alternated.  At  harvest  time,  the  product  of  each 
row  was  sorted,  according  to  weight,  into  four  grades  and  the  tubers 
of  each  grade  weighed  and  counted.  The  grades  were :  (i)  Under 
one  ounce;  (2)  from  one  to  two  ounces;  (3)  from  two  to  twelve 
ounces;  and  (4)  over  twelve  otmces. 

In  different  seasons,  the  total  number  of  tubers  over  one  ounce 
in  weight  varied  from  41,847  to  62,600  per  acre  for  thin  planting, 
and  from  71,603  to  97,150  per  acre  for  thick  planting.  The  differ- 
ence in  favor  of  thick  planting  varied  from  29,281  to  34,550  tubers 
per  acre. 

In  total  quantity  of  tubers  over  one  ounce  in  weight,  the  yield 
varied,  in  different  seasons,  from  144.5  to  340.8  bushels  per  acre 
for  thin  planting  and  from  191 .8  to  3844  bushels  per  acre  for  thick 
planting.  The  difference  in  net  yield  (total  yield  minus  seed) 
of  tubers  over  one  ounce  in  weight  varied  from  24.9  to  46.6  bushels 
per  acre,  and  averaged  34.7  bushels  per  acre,  in  favor  of  thick 
planting.  Over  one  half  of  this  difference  (18.7  bushels)  consisted 
of  tubers  over  two  ounces  in  weight 


^  Reprint  of  Bulletin  No.  474,  April,  1920. 

[281] 


282  Report  op  thb  DEPARmENT  op  Botany  op  the 

The  average  weight  of  tubers  over  two  ounces  m  weight  was 
reduced  from  10.5  to  22.8  per  cent  by  thick  planting.  For  table 
use,  the  size  of  the  tubers  of  the  crop  from  fliick  planting  was 
superior  to  that  from  thin  planting  in  1914  and  1919,  but  in  the  other 
three  seasons  the  tubers  from  thin  planting  were  the  better  in  this 
respect* 

The  results  of  the  experiment  appear  to  warrant  the  following 
conclusions :  In  the  production  of  seed  potatoes  of  varieties  of  the 
Rural  group,  New  York  growers  may  well  consider  planting  consider- 
ably closer  than  15  by  36  inches,  since-,  thereby,  the  net  yield  is 
likely  to  be  increased  and  the  quality  of  the  crop  improved,  particu- 
larly on  rich  soU.  In  tiie  home  seed-pkt  the  spacing  in  the  row 
should  be  as  close  as  is  consistent  witii  roguing;  but  if  the  crop 
is  to  be  sold  the  difficulty  in  disposing  of  the  small  tubers  may 
necessitate  somewhat  thinner  planting,  except  on  rich  soil.  Potatoes 
grown  in  rich  garden  soil,  for  table  use,  may  be  planted  as  close  as 
6  by  30  inches  with  advantage. 

INTRODUCTION 

In  the  spacing  of  potato  plants  the  practise  of  New  York  potato 
growers  varies  greatly.  Even  under  similar  conditions  in  the  same 
locality  there  is  a  very  noticeable  lack  of  agreement  as  to  the  kind  of 
spacing  which  gives  the  best  results.  Some  growers  plant  in  drills 
others  in  checkrows.  The  distance  between  rows  varies  from  30 
to  39  inches  and  the  distance  between  plants  in  the  row  from  9  to 
36  inches. 

Undoubtedly,  the  best  spacing  will  vary  somewhat  for  different 
conditions.  Some  varieties  require  closer  planting  than  others. 
On  rich  soil  one  should  plant  closer  than  on  poor  soil.  When  the 
land  is  very  weedy  it  may  be  necessary  to  plant  so  that  the  crop 
may  be  cultivated  in  both  directions. 

Probably,  the  size  of  the  seed-pieces  used  should  be  taken  into 
account.  The  spacing  which  gives  best  results  ui  a  wet  season  may 
not  be  the  best  for  a  dry  season;  and  one  adapted  to  a  growing 
season  of  normal  length  may  not  meet  the  requirements  when,  because 
of  late  planting,  a  severe  attack  of  blight,  or  an  early  frost,  the  growing 
season  is  very  short.  The  many  factors  which  enter  into  the  problem 
make  it  quite  complicated. 
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It  appears  that  the  practise  of  growers  is  based  upon  personal 
experience  and  observation  rather  than  upon  the  results  of  carefully 
planned  experiments.  While  a  considerable  number  of  experiments 
have  been  made  the  results  obtained  have  been  of  very  limited 
appHcation,  and  few  such  experiments  have  been  either  weU  planned 
or  properly  executed. 

OBJECT  OF  THE  GENEVA  EXPERIMENTS 

The  experiments  described  in  this  bulletin  had  their  origin  in 
an  attempt  to  improve  the  quality  of  seed  potatoes.  Under  the 
usual  methods  of  planting  in  Western  New  York,  varieties  of  the 
Rural  group,  such  as  Rural  New  Yorker  No.  2,  Sir  Walter  Raleigh, 
Enormous  No.  9,  etc.,  produce  many  tubers  which  are  too  large  to 
be  desirable  for  seed  purposes.  Tubers  weighing  over  twelve  ounces 
are  undesirable  for  seed  because  of  the  waste  in  cutting  them  to  fit 
the  planter. 

There  are  good  reasons  for  beUeving  that,  in  any  given  hill,  the 
small  tubers  are  as  productive,  weight  for  weight,  when  planted,  as 
the  large  tubers.  In  fact,  tubers  weighing  between  one  and  two 
ounces  make  the  very  best  of  seed  because  they  may  be  planted 
without  cutting.  This  being  true,  it  is  worth  while  to  consider 
means  of  increasing  the  proportion  of  small  and  medium  sized  tubers. 
If,  by  thicker  planting,  the  average  size  of  the  tubers  can  be  reduced 
without  reducing  the  total  net  yield,  it  may  be  advisable  to  employ 
thick  planting  of  potatoes  designed  for  seed  production  as  a  means  of 
improving  the  quality  of  the  crop. 

It  is  quite  possible,  also,  that  thru  a  better  imderstanding  of  the 
efiFects  of  different  spacings,  a  better  quality  of  table  potatoes  may 
be  produced  without  sacrificing  quantity.  Medium  sized  tubers 
are  preferred  for  table  use. 

THE  FIELD  EXPERIMENT  OP  1914 

In  this  experiment  there  were  twenty-eight  rows  seventy-eight 
feet  long  by  three  feet  wide.  There  was,  also,  an  outside  or  buffer 
row  on  each  side  of  the  experiment  plat.  The  twenty-eight  rows 
were  divided  into  seven  series  of  four  rows  each.  In  each  series  the 
seed-pieces  were  six  inches  apart  in  the  first  row,  nine  inches  apart 
in  the  second  row^  twelve  inches  apart  in  the  third  row^  and  fifteen 
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inches  apart  in  the  fourth  row.  The  average  weight  of  the  seed- 
pieces  being  1.029  ounces,  it  required  31.12  bushels  of  seed  per  acre 
for  the  six-inch  planting,  23.34  bushels  for  the  nine-inch  planting, 
15.56  bushels  for  the  twelve-inch  planting,  and  12.45  bushels  for  the 
fifteen-inch  planting.  The  seed-pieces  were  accurately  spaced  in 
open  furrows  by  means  of  ruled  rods  and  covered  by  means  of  hoes. 
The  date  of  planting  was  Jime  2  and  the  variety  Sir  Walter  Raleigh. 
The  soil  was  clay  loam  of  medium  fertility  and  in  the  spring,  before 
planting,  it  was  given  a  light  coat  of  stable  manure,  but  no 
commercial  fertilizer  was  used. 

An  almost  perfect  stand  was  obtained,  the  plants  being  healthy 
and  making  a  normal  growth.  The  rainfall  was  ample  thruout 
the  season  so  that  the  plants  attained  large  size  and  on  September  3 
nearly  covered  the  groimd  between  the  rows.  At  this  time,  it  was 
observed  that  it  was  almost  impossible  to  distinguish,  either  by  the 
mass  of  foliage  or  by  its  appearance,  the  rows  in  which  the  seed-pieces 
had  been  planted  six  inches  apart  from  those  in  which  they  had  been 
planted  fifteen  inches  apart. 

By  spraying  them  with  bordeaux  mixture  and  paris  green  the 
plants  were  thoroly  protected  against  injury  by  blight  and  insects. 
Growth  continued  until  about  the  middle  of  October  when  the  plants 
died  natm-ally  without  being  injiu-ed  by  frost. 

At  digging  time,  the  product  of  each  row  was  divided  into  three 
grades,  according  to  the  weight  of  the  tubers,  and  a  record  made  of 
the  number  and  total  weight  of  tubers  in  each  grade.  Grade  1 
included  tubers  weighing  less  than  two  ounces;  Grade  2,  tubers 
between  two  and  twelve  ounces;  and  Grade  3,  tubers  over  twelve 
oimoes.    The  yield  by  rows  is  shown  in  Table  1. 

DISCUSSION  OP  TABLE  1 

Considering  the  figures  in  the  next  to  the  last  column,  which  show 
the  total  number  of  tubers  of  all  grades  produced  by  each  row, 
it  is  seen  that  with  an  increase  in  thickness  of  planting  there  was 
a  very  definite,  tho  somewhat  irregular,  increase  in  the  number  of 
tubers  produced,  except  in  one  instance,  namely,  in  the  case  of  Row 
14.  This  row,  in  which  the  seed-pieces  were  nine  inches  apart, 
yielded  only  400  tubers;  whereas  Row  15,  in  which  the  seed-pieoes 
were  twelve  inches  apart,  yielded  414  tubers. 
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The  total  weight  of  the  crop,  given  in  the  last  column,  also  shows 
a  strong  tendency  to  increase  with  an  increase  in  the  thickness  of 
planting,  but  the  increase  here  is  neither  as  constant  nor  as  regular 
as  with  the  number  of  tubers. 


Tablb  1. —  Yield  bt  Rows  in  1914  Fibld  Exfebiment:  Numbbb  and  Weight  of 

TtJBBBS. 


TUBBBS 

TUBBBS 

TUBBBS 

TUBBBSOF 

Spag- 

No. 

UNDBB2 

oz. 

2-12  oz. 

OYBB  12  OZ. 

ALLOBADBS 

Row 

INO 

TUB- 

Ul 

BOW 

JSIBB 

1-2 

oz.t 

No. 

Weight 

No. 

Weight 

No. 

Weight 

No. 

Weight 

In. 

Lf>8. 

Oz. 

Lbs. 

Oz. 

Lf>8. 

Oz. 

Lbs.      Oz. 

1... 

6 

84 

160 

10 

10 

395 

106 

14 

3 

2 

10 

558 

120   2 

2... 

9 

40 

77 

5 

7 

307 

99 

10 

21 

20 

6 

405 

125   7 

a.. 

12 

31 

60 

4 

10 

309 

112 

14 

17 

16 

10 

386 

134   2 

4... 

15 

11 

25 

1 

8 

227 

90 

10 

28 

25 

6 

280 

117   8 

6... 

6 

.... 

108 

7 

14 

349 

112 

4 

6 

5 

4 

463 

125   6 

ft... 

9 

.... 

76 

5 

8 

294 

101 

9 

8 

7 

7 

378 

114   8 

7... 

12 

.... 

57 

3 

12 

303 

103 

0 

6 

5 

8 

366 

112   4 

8... 

15 

.... 

32 

2 

3 

243 

91 

8 

24 

22 

8 

299 

116   3 

V. . . 

6 

67 

113 

8 

2 

396 

121 

14 

2 

1 

10 

511 

131   10 

10... 

9 

42 

94 

5 

15 

303 

100 

14 

11 

10 

2 

408 

116   15 

11... 

12 

35 

58 

4 

2 

277 

101 

8 

12 

11 

0 

347 

116   10 

12... 

15 

30 

64 

4 

2 

254 

88 

12 

17 

15 

4 

335 

108   2 

13... 

6 

81 

137 

10 

4 

387 

113 

2 

5 

4 

6 

529 

127   12 

14... 

9 

37 

80 

5 

8 

310 

107 

0 

10 

8 

8 

400 

121   0 

15... 

12 

36 

84 

5 

6 

325 

105 

2 

5 

4 

14 

414 

115   6 

16... 

15 

35 

70 

4 

6 

271 

96 

7 

14 

12 

1 

355 

112   14 

17... 

6 

90 

166 

11 

12 

414 

114 

2 

2 

1 

14 

582 

127   12 

18... 

9 

33 

102 

5 

8 

364 

105 

2 

3 

2 

14 

469 

113   8 

19... 

12 

38 

87 

5 

1 

314 

101 

14 

4 

3 

2 

405 

110   1 

20... 

15 

38 

92 

5 

4 

284 

88 

8 

15 

13 

0 

391 

106   12 

21... 

6 

55 

137 

8 

0 

404 

110 

3 

2 

1 

13 

543 

120   0 

22... 

9 

43 

102 

6 

0 

337 

107 

0 

11 

9 

8 

450 

122   8 

23... 

12 

35 

66 

4 

4 

310 

102 

12 

13 

12 

4 

389 

119   4 

24... 

15 

24 

45 

3 

1 

242 

86 

8 

24 

20 

0 

311 

109   9 

25... 

6 

89 

173 

11 

10 

396 

114 

14 

2 

1 

10 

571 

128   2 

26... 

9 

57 

126 

7 

14 

354 

108 

8 

7 

6 

8 

487 

122   14 

27... 

12 

27 

72 

4 

10 

308 

108 

0 

6 

5 

8 

386 

118   2 

28... 

15 

24 

49 

3 

2 

260 

106 

8 

26 

30 

8 

335 

140   2 

*  Number  of  rows  required  to  make  an  acre,  186.15. 

t  The  total  weight  of  tubers  of  this  grade  was  not  obtained  separately  from  that 
of  tubers  under  one  ounce  in  weight  The  tubers  from  Rows  5,  6,  7,  and  8  were  acci* 
dentaOy  mixed  before  they  had  been  oounted.    The  total  number  was  146. 

In  all  of  the  seven  sections,  excepting  the  last  one,  six-inch  planting 
gave  a  larger  yield  than  iGf teen-inch  planting.    The  last  row  of 
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Section  7  (Row  28),  altho  a  fifteen-inch  row,  yielded  twdve  pounds, 
or  9.4  per  cent,  more  than  Row  25,  a  six-inch  row  in  the  same  section. 
It  seems  probable  that  the  yield  of  Row  28  was  abnormally  high 
since  it  was  19.3  per  cent  higher  than  the  yield  of  any  other  fifteen- 
inch  row  in  the  experiment.  The  writer  is  of  the  opinion  that  the 
high  yield  of  Row  28  was  due  to  some  imknown  advantage  which 
it  possessed  and  that  it  would  be  imfair  to  include  the  yield  of  this 
row  when  calculating  the  average  yield  of  the  fifteen-inch  plantings. 
In  fact,  all  four  rows  of  Section  7  should  be  rejected.  likewise, 
Section  1,  comprising  Rows  1,  2,  3,  and  4,  should  be  rejected  because 
the  yield  of  these  rows  must  have  been  imequally  affected  by  a  row 
of  peach  trees  nearby.  Accordingly,  in  the  calculation  of  the  average 
yield  per  acre  for  thick  and  thin  planting,  shown  in  Table  2,  the  rows 
of  Sections  1  and  7  have  been  excluded  from  consideration. 

In  each  section  the  niunber  and  weight  of  tubers  imder  two  ounces 
and  of  tubers  between  two  and  twelve  ounces  was  greater  from  six- 
inch  planting  than  from  fifteen-inch  planting.  Usually,  nine-  and 
twelve-inch  planting  gave  yields  intermediate  between  those  of 
six-  and  fifteen-inch  planting  (Rows  11  and  19  being  exceptions), 
but  the  yield  of  twelve-inch  planting  was  sometimes  higher  than  that 
of  nine-inch  planting. 

In  the  class  of  extra  large  tubers  (over  twelve  ounces),  six-inch 
planting  invariably  gave  a  much  smaller  number  and  weight  than 
fifteen-inch  planting,  while  the  yields  from  nine-  and  twelve-inch 
planting  occupied  an  intermediate  position.  In  three  sections  nine- 
inch  planting  outyielded  twelve-inch  planting,  while  in  the  other 
four  sections  twelve-inch  planting  outyielded  m'ne-inch  planting. 

It  is  the  opinion  of  the  writer  that  the  irregularities  and  discrep- 
ancies in  the  3nields  in  this  experiment  are  so  large  and  so  numerous 
that  we  are  not  warranted  in  drawing  from  them  any  conclusions 
as  to  the  relative  merits  of  nine-inch  and  twelve-inch  planting. 
Whatever  differences  there  may  be  between  them  have  been  hidden 
by  the  inequality  in  soil  and  other  conditions.  The  experiment  was 
on  too  small  a  scale,  the  rows  were  too  short,  and  the  different  kinds 
of  planting  repeated  too  few  times.  Accordingly,  only  the  results 
from  six-inch  and  fifteen-inch  plantings  are  included  in  the  summary 
(Table  2).  Probably,  a  comparison  of  these  is  worth  while,  but  it 
should  be  borne  in  mind  that  a  large  allowance  must  be  made  f  oi 
experimental  error. 


New  York  Agricultural  Experiment  Station.         287 


Table  2.— Msan  Yisldb  pbb  Acbb  in  1914  Fibld  ExFSBiMBirF:  Summ abt  (in  Past) 

OF  Data  in  Tablb  1. 


Spaoino 

No.  OF 

TUBBBS 
1-2  OI.* 

TUBEBS 
UNDBB  2  OZ. 

TUBEBS 

2-12  OZ. 

TUBBBS 
OVBB  12  OZ. 

TUBBBB  OF 
ALL  QBADB8 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

(Mneh: 
Rows  5,  9,  13, 
17,  and  21.. 

tl3,635 

24,609 

Bu, 
28.5 

72,508 

Bu. 
354.9 

633 

.Bit. 
9.3 

97,840 

Bu, 
392.7 

154nch: 
RowbS,  12, 16, 
20,  and  24.. 

{5,910 

11,281 

11.8 

48,175 

280.2 

3,500 

51.4 

62,956 

343.4 

^  For  this  grade,  only  the  number  of  tubers  can  be  giTen.  The  total  weight  of 
tubers  weighing  between  one  and  two  ounoes  was  not  taken  separately  Irom  iJiat 
of  tubers  under  one  ounce  in  weight. 

t  Calculated  from  the  yield  of  Rows  9, 13,  17,  and  21. 

tCalculated  from  the  yield  of  Bows  12,  16,  20,  and  24. 

DISCUSSION  OF  TABLE  2 

In  total  yield;  thick  planting  outyielded  thin  planting  by  34,884 
tubers  or  49.3  bushels  per  acre.  This  increase  in  favor  of  thick 
planting  was  all  in  the  two  smaller  grades  of  tubers.  In  fact,  in  the 
largest  grade,  thin  planting  gave  the  larger  yield  by  42.1  bushels  per 
acre.  This  is  a  noteworthy  feature  of  the  experiment.  Either  for 
seed  or  for  table  use,  the  crop  from  thick  planting  was  decidedly 
superior  to  that  from  thin  planting  because  of  the  smaller  niunber  of 
very  large  tubers  in  the  former.  The  average  weight  of  the  tubers 
above  two  oimces  was  4.75  ounces  for  thick  planting  and  6.16  oimces 
for  thin  planting.  In  the  2-to-12-ounce  grade,  thick  planting 
out3rielded  thin  planting  by  74.7  bushels  per  acre. 

THE  GARDEN  EXPERIMENT  OP  1914 

The  garden  experiment  consisted  of  six  rows  forty  feet  long  and 
thirty  inches  apart.  The  soil  was  deeply  and  thoroly  fitted  and 
made  rich  by  the  use  of  stable  manure,  but  no  commercial  fertilizer 
was  used.  Three  varieties  of  potatoes  were  employed  in  the  experi- 
ment—  Caiman  No.  3,  Rural  New  Yorker  No.  2,  and  Green 
Mountain.  Of  each  variety,  one  thick  (six-inch)  and  one  thin 
(fifteen-inch)   row  was  planted.    The  seed-pieces  were  made  as 
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nearly  the  same  size  as  could  be  done  conveniently,  but  were  not 
weighed.  Probably,  the  rate  of  seeding  was  about  sixteen  bushels 
per  acre  for  thin  planting  and  forty  bushels  per  acre  for  thick  planting. 
Planting  was  done  on  May  23  in  furrows  of  uniform  depth.  Care 
was  taken  to  place  the  seed-pieces  in  thick  rows  exactly  six  inches 
apart  and  those  in  thin  rows  fifteen  inches  apart. 

A  perfect  stand  of  plants  was  obtained.  In  the  Green  Mountain 
variety  eight  plants  on  the  thick  row  and  two  on  the  thin  row  were 
somewhat  affected  with  leaf  roll,  also,  three  other  plants  in  the  thin 
row  were  severely  affected  with  mosaic.  In  the  Rural  New  Yorker 
variety  there  were  no  diseased  plants.  In  the  Carman  variety 
there  were  two  dwarf  plants  —  one  in  the  thick  row  and  one  in  the 
thin  row. 

The  plants  were  given  very  thoro  cultivation  and  thoro  spraying 
and  were  not  injiu*ed  by  blight  or  insects.  Diuing  a  spell  of  hot 
weather  in  July  the  plants  were  watered  once  artificially  by  means 
of  a  rotary  sprinkler  so  that  they  did  not  suffer  for  lack  of  water, 
but,  nevertheless,  they  showed  considerable  tipbum  in  September. 
The  plants  attained  fair  size,  but  were  not  extra  large.  The  Green 
Mountain  plants  died  earlier  than  the  other  varieties  which  finished 
growth  about  October  1. 

At  digging  time,  the  tubers  produced  on  each  row  of  the  varieties 
Rural  New  Yorker  No.  2  and  Carman  No.  3  were  sorted  into  two 
grades,  those  weighing  over  two  oimces  going  into  one  grade  and  those 
weighing  less  than  two  ounces  into  the  other  grade.  The  tubers  of 
each  grade  were  counted  and  weighed.  In  the  variety  Green 
Moimtain  the  tubers  were  sorted  as  in  the  other  varieties  and  the 
number  in  each  grade  recorded;  but,  by  mistake,  the  weights  <^ 
the  two  grades  were  not  taken  separately.  For  this  variety,  the 
only  weight  we  have  is  that  of  the  total  yield. 

The  actual  yields  per  row  and  the  calculated  yields  per  acre  axe 
shown  in  Table  3. 

DISCUSSION  OF  TABLE  3 

In  the  variety  Rural  New  Yorker  No.  2  the  thick  planting  out- 
yielded  the  thin  planting  at  the  rate  of  141.6  bushels  of  large  tubers 
and  7.3  bushels  of  small  tubers  per  acre.  The  average  weight  of 
the  tubers  above  two  ounces  in  weight  was  5.12  ounces  for  thick 
planting  and  5.71  oimces  for  thin  planting. 
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TabubS.— 

YxaLDe 

uf  1914  Gardbk  £xpbbiicb2It:  Numbbb 

AW j>  Wbigbt  op 

TUBBBB. 

Spao- 
nro  IN 

BOW 

TdBLD  PIB  BOW* 

YlXLD  PBB  AOBB 

VAKarrr 

tubbbb 

UNDXB  2  OZ. 

TUBBB8 
OVEB  2  OZ. 

TUBBB8 
UNDXB  2  OZ. 

TUBBB8 
OVEB  2  OZ. 

Num* 
ber 

Wetfit 

Num* 
ber 

Weight 

Num- 
ber 

Quan- 
tity 

'N    .. 
ber 

Quan- 
tity 

Ronl 
N.Y.No.2 

In. 

6 

36 

Lte. 
2.00 

228 

Lb9. 
73.0 

15,700 

14.52 

99,317 

Bu. 

529.98 

U 

14 

1.00 

150 

53.5 

6,098 

7.26 

65,340 

388.41 

Ounuui 
No.  8... 

6 

33 

2.18 

219 

75.0 

14,375 

15.83 

95,396 

544.50 

15 

11 

0.83 

155 

55.0 

4,792 

4.57 

67,518 

399.30 

Grasn 

6 

184 

T 

185 

t82.5 

68,370 

T 

80,586 1453.76 

Moontein 

16 

73 

r 

119 

t40.5 

31,799 

? 

61,836 

t294.08 

*  Nmnber  of  rows  required  to  make  an  acre,  453.6. 

t  Total  yield.    The  large  and  email  tubers  were  not  weighed  aepaiately. 

In  the  variety  Carman  No.  3  thick  planting  showed  an  advantag 
of  145.2  bushels  of  large  potatoes  plus  11.3  bushels  of  small  potatoe 
per  acre.    The  average   weight  of   tubers  above  two  oimces  in 
weight  was  5.48  ounces  for  thick  planting  and  5.68  ounces  for 
thin  planting. 

Altho  the  difference  in  yield  from  the  thick  and  thin  planting  of 
these  two  varieties  was  very  large,  the  tubers  from  the  two  kinds  of 
planting  did  not  differ  in  average  wdght  as  greatly  as  did  the  tubers 
from  thick  and  thin  planting  in  the  field  experiment  of  1914  where 
the  difference  in  yield  was  much  smaller.  (See  p.  287.)  This  may 
have  been  due  to  the  fact  that  different  varieties  were  used  in  the 
two  experiments* 

The  percentage  of  small  tubers  was  very  much  greater  for  Green 
Mountain  than  for  the  other  varieties,  but  it  should  be  observed 
that  it  was  <Mily  about  four  per  cent  greater  for  thick  than  for  thin 
planting. 

Tlie  small  size  of  this  experiment  makes  its  experimental  error 
very  large  and  it  cannot  be  regarded  as  having  much  value. 
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THE  EXPERIMENT  OP  1916 

The  e]q)eriment  of  1915  comprised  tea  rows  —  five  thick  plantings 
and  five  thin  plantings  alternating.  In  the  thick  rows  the  seed- 
pieces  were  placed  six  inches  apart  and  in  the  thin  rows  fifteen  inches 
apart.  The  rows  were  290.4  feet  long  by  three  feet  wide,  and  each 
had  an  area  of  one-fiftieth  acre.  There  were,  also,  two  outside  or 
buffer  rows  —  one  on  either  side  of  the  experiment  plat.  The 
soil  was  a  heavy  clay  loam  and  a  liberal  apfdication  of  stable  manure 
was  made  in  the  fall  before  plowing.  The  seed-potatoes  were  oC  the 
variety  Sir  Walter  Raleigh  grown  in  the  experiment  of  1914.  The 
average  weight  of  the  seed-pieces  being  1.721  ounces,  the  six-inch 
planting  required  52  busheb  of  seed  per  acre  and  the  fif teen-indi 
planting  20.8  bushels  per  acre.  Planting  was  done  on  May  25. 
Acciu*ate  spacing  of  the  seed-pieces  in  the  furrows  was  accomplished 
by  the  use  of  ruled  rods.  Some  difficulty  was  experienced  in  covering 
the  seed-pieces  imif  ormly  because  the  soil  was  quite  moist  and  some- 
what lumpy.    The  covering  was  done  by  means  of  hoes. 

There  was  nearly  a  full  stand.  A  few  plants  were  missing,  but 
it  is  not  known  just  how  many  as  no  counts  were  made.  The  weather 
being  favorable  the  plants  made  a  r^id  growth  and  covered  the 
groimd  between  the  rows  completely.  Frequent  showers  brought 
on  an  attack  of  late  blight,  traces  of  the  disease  being  found  on 
July  30,  and  during  August  it  spread  rapidly  in  spite  of  fair  spraying 
with  bordeaux  mixture.  By  September  9  there  was  very  little 
green  foliage  left  and  the  growing  season  of  the  plants  was  shortened 
about  three  weeks  by  the  disease.  Fortunately,  very  little  tuber  rot 
resulted,  only  an  occasional  affected  tuber  being  found  at  digging 
time.  A  few  of  these  tubers  were  so  much  decayed  that  they  wore 
lost;  but  most  of  them  were  graded,  counted,  and  weighed  with  the 
sound  tubers. 

The  tubers  from  each  row  were  sorted  into  three  grades,  iwmetly, 
(1)  under  one  ounce  in  wdght,  (2)  between  one  and  two  omcm  in 
weight,  and  (3)  over  two  ounces  in  weight.  It  was  unneeetsary 
to  make  a  grade  for  extra  large  tubers  as  Uttere  were  none  weighing 
over  twelve  ounces.  The  number  and  weight  of  tubers  of  each  grade 
produced  by  each  row  are  shown  in  Table  4. 
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Taks  ii**^¥mD  IV  S«iPi  HI  1016  SxmamiT:  Nnwm  im  Wsron  «v  Tvans. 

Row* 

Spao- 
oram 

BOW 

TUBSIfl 
UNDSB  1  Ol. 

TUBKBS 

1-2  OX. 

TUBESS 
OTXB  2  OZ. 

TUBXBS  OF 
ALL  OBADB8 

Num- 
ber 

Weight 

Num- 
ber 

Num- 
ber 

Weiiht 

Num- 
ber 

Wight 

1 

In. 

6 
16 

6 
16 

6 
15 

6 
15 

6 
15 

319.0 
146.0 
285.0 
142.0 
280.Q 
99.0 

137.0 
270.0 
106.0 

12.0 
5.0 

11.6 
6.0 

11.6 
4.6 
9.6 
5.0 

10.6 
3.0 

504.0 
305.0 
584.0 
229.0 
513.0 
252.0 
626.0 
286.0 
466.0 
240.0 

Lb$. 
47.0 
28.0 
55.0 
21.0 
46.5 
24.0 
46.5 
26.5 
42.5 
20.5 

1318.0 

998.0 
1354.0 

9Q0.0 
1412.0 

942.0 
1446.0 
1048.0 
1578.0 

970.0 

292.0 
237.0 
288.5 
288.0 
305.0 
229.0 
314.0 
257.6 
363.0 
252.0 

2141.0 
1449.0 
2223.0 
1361.0 
2205.0 
1293.0 
2220.0 
1471.0 
2308.0 
1316.0 

Lbs. 
351.0 

2 

270.0 

3 

356.0 

4 

264.0 

5 

363.0 

6 

257.5 

7 

370.0 

8 

289.0 

9 

416.0 

10 

275.5 

AfBKAfiB... 

6 
15 

280.4 
126.0 

11.0 
4.5 

518.4 
262.4 

47.6 
24.0 

1420.6 
989.6 

812.5 
212.7 

2219.4 
1378.0 

371.0 
271.2 

*  Number  of  rowB  required  to  make  an  aere,  50. 


DISCUSSION  OF  TABLE  4 

If  we  compare  the  yields  of  thick  ftnd  thin  planted  rows  in  different 
parts  of  the  experiment  we  see  at  a  glance  that,  in  every  case,  and 
in  all  three  grades  of  tubers,  the  thick  {danting  outyielded  the  thin 
fdanting  by  a  considerable  amount.  Every  one  of  the  thick  rows  gave 
a  largier  3rield  than  either  of  the  two  thin  rows  adjoining  it,  and  no 
thin  row  outyielded  any  thick  row  in  the  experiment.  This  is  true 
bodi  tar  number  of  tubons  and  weight  of  tubers.  In  differait  parts 
of  the  experiment  the  difference  in  the  yields  of  thick  and  thin  planting 
varied  considerably,  this  variation  being  somewhat  greater  for  weight 
of  tubers  than  for  number  of  tubers.  The  least  difference  in  the 
nuoftber  of  tubers  occurred  in  the  same  place  as  the  least  difference 
in  the  wei^t  of  tubers,  namely,  between  Rows  1  and  2.  Likewise, 
the  greatest  difference  in  number  of  tubers  occurred  in  the  same  place 
ae  the  greatest  difference  in  wei|^t  of  tubers,  namely,  between  Rows 
9  and  10. 

The  writer's  opinion  of  this  experiment  is  that  it  is  a  great  improve- 
ment on  the  field  experiment  of  1914,  and  that  it  is  somewhat  better 
than  the  1918  experiment  (page  294),  but  not  so  good  as  the  1919 
experiment  (page  308). 
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A  better  idea  of  the  resuhs  of  the  experini^ 
an  examination  of  Table  5  vMdi  shows  the  mean  yields  m  temis 
of  one  acre. 


Tablb  5. —  Mban  Tnuw  fxb  Acbb  in  1915 

Tabub  4. 


ExpBBnacMT:  SumiABr  or  Data,  in 


Btacino 

IN 

TUBBSB 
X7ND1B  1  OZ. 

TUBXBB 

1-2  OS. 

TUBBSS 
OVXB  2  OS. 

TUBBBS  OF 
AH.  QBABBS 

■uw 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

In. 
6 

14,020 

Bu. 
9.2 

25,920 

Bu, 
39.6 

71,230 

Bu. 
200.4 

111,170 

Bu. 

aoo.2 

16 

6,d00 

3.7 

13,120 

20.0 

49,480 

202.2 

68,900 

226.0 

DISCUSSION  OF  TABLE  5 

The  total  number  of  tubers  produced,  111,170  per  acre  for  thick 
planting  and  68,900  per  acre  for  thin  planting,  is  the  laigest  obtained 
in  any  of  the  experiments  except  the  garden  experiment  of  1914. 
This  is  due,  probably,  to  an  abundance  of  moisture  during  July  and 
August  which  was  favorable  to  the  setting  of  tidl>ers. 

There  was  a  substantial  difference  in  yield  in  favor  of  thick  planting 
in  all  three  grades  of  tubers.  In  the  grade  of  maricetable  tubers 
(over  two  ounces)  the  difference  amounted  to  21J50  tubers  or 
58.2  bushels  per  acre.  The  average  wcaght  of  the  tubers  of  this 
grade  was  3.51  oimces  for  thick  planting  and  3.92  ounces  for  thin 
planting.  For  table  use,  the  crop  from  thin  planting  was,  on  ihe 
whole,  superior  to  that  from  thick  planting.  The  small  average 
size  of  the  tubers  in  this  experiment  is  a  consequence  of  the  short^iing 
of  the  growing  season  by  the  attack  of  blight.  Had  the  plants 
been  permitted  to  finish  their  growth  in  a  normal  manner  it  is  almost 
certain  that  the  tubers  would  have  been  of  much  larger  average 
size.  This  experiment  is  of  special  interest  because  it  shows  the 
effect  of  thick  planting  when  the  growing  season  is  short. 

THE  EXPERIMENT  OF  1917 

The  experiment  of  1917  was  laid  out  on  the  same  plan  as  that  of 
1916,  that  18  to  say,  five  thick  rows  290.4  feet  kmg  and  three  feet 
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apart  alternated  with  five  tiiin  rows  of  the  same  length,  and  there 
was  a  buffer  row  on  each  side  of  the  experiment  plat.  The  soil 
was  a  heavy  clay  loam.  The  variety  used  was  Sir  Walter  Raleigh. 
The  potatoes  were  planted  May  31.  Seed  potatoes  being  scarce 
and  expensive  ($4  per  bushel),  the  seed  used  in  the  experiment 
consisted  of  whole  small  tubers  weighing  between  one-half  ounce  and 
one  ounce.  The  average  weight  of  the  seed  tubers  was  0.813  oimces. 
Hence,  the  rate  of  seeding  was  9.8  bushels  per  acre  for  the  fifteen- 
inch  planting  and  24.5  bushels  per  acre  for  the  six-inch  planting. 
Soon  after  planting  there  came  a  heavy  rain  which  washed  out  some 
of  the  seed  tubers  near  the  north  or  lower  end  of  the  plat.  On  this 
account  only  the  yields  from  portions  of  four  rows  can  be  used  in 
calculating  the  results. 

The  soil  was  rather  low  in  fertility  and  became  hard.  The  weather 
was  dry.  Clearly,  the  conditions  were  unfavorable  for  potatoes. 
Altho  most  of  the  plants  were  healthy  and  remained  green  imtil  killed 
by  frost  on  October  10,  they  were  of  small  size.  The  yields,  also, 
were  small.  Perhaps  the  character  and  small  size  of  the  seed-tubers 
had  something  to  do  with  the  unsatisfactory  growth  of  the  plants. 

On  Rows  7,  8,  9,  and  10  there  was  about  98  per  cent  of  a  full  stand 
for  a  distance  of  213.5  feet  and  it  seemed  practicable  to  use  the 
yields  of  these  partial  rows  for  a  comparison  of  the  results  of  thick 
and  thin  planting.  Table  6  shows  the  yields  of  these  rows  calculated 
on  an  acre  basis.  There  being  no  tubers  weighing  over  twelve  ounces 
the  entire  crop  was  divided  into  three  grades  as  in  1915. 


Tabui  6i — TxBLDS  PSB  AcsM  or  1917  ExmrnsMr:  NuicBaB  and  Quaiititt  of 

TUBBBa 


fiow 

Spao- 
iNonf 

ROW 

Tubbbs 

UNDBB  1  OZ. 

TlTBBBA 

1-2  01. 

TUBBBS 
OVBB  2  OS. 

TxTBBBS  or 

ALL  OBADBS 

■  •**ff 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

7 

/n. 

6 
15 

6 
15 

9,180 

6,256 

12,036 

5,644 

Bu. 
5.3 
3.5 

7.6 
3.6 

34,816 
16,116 
30,940 
13,940 

Bu. 

49.3 

24.4 

48.2 

19.8 

44,336 
33,116 
45,424 
33,184 

Bu. 
138.8 
123.0 
147.3 
121.8 

88,332 
55,488 
88,400 
52,768 

Bu. 
193  4 

8 

150  9 

9 

203  1 

10 

145.2 

Atbraob.  . . 

6 
15 

10,608 
5,960 

6.4 
3.5 

32,878 
15,028 

48.7 
22.1 

44,880 
33,150 

143.0 
122.4 

88,366 
54,128 

198.2 
148.0 
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DIB0U8SI0N  of  TABUI  6 

Thruout  Table  6  the  data  are  fairly  canflistent  and  the  difference 
in  yield  between  thick  and  thin  planting  large.  There  can  be  no 
doubt  that,  under  such  conditions  as  surrounded  this  experiment, 
six-inch  planting  gives  a  considerably  larger  yield  than  fifteen-inch 
planting.  It  is  probable,  however,  that  the  mean  yields  given  are 
only  approximations.  Two  rows  having  a  length  of  only  213.5  feet 
are  too  few  for  the  accurate  determination  of  mean  yields.  This 
should  be  borne  in  mind  when  comparing  the  results  obtained  in  this 
experiment  with  those  obtained  from  the  experiments  of  1915  and 
1919  which  were  more  dependable. 

The  average  yield  of  marketable  tubers  (over  two  oimcee)  from 
thick  planting  was  greater  than  that  from  thin  planting  by  11,730 
tubers  or  20.6  bushels  per  acre.  The  average  weight  of  the  tubers 
of  this  grade  was  3.06  ounces  for  thick  planting  and  3.55  oimoes  for 
thin  planting.  For  table  use,  the  crop  from  thin  planting  was  the 
better,  but  even  from  thin  planting  there  were  many  tubers  which 
were  too  small. 

This  experiment  differs  from  all  the  others  in  that  the  seed  consisted 
of  whole  small  tubers.  Hence,  in  calculating  the  net  3rield,  the 
extra  quantity  of  seed  used  in  thick  planting  should  be  deducted 
from  the  yield  of  small  tubers  rather  than  from  the  yield  of 
marketable  tubers. 

THE  EXPERIMENT  OP  1918 

The  thick^and-thin  experiment  conducted  in  1918  consisted  of 
twelve  rows  290.4  feet  long  by  three  feet  wide.  There  were  six 
thick  rows  in  which  the  seed-pieces  were  placed  six  inches  apart 
in  the  row  and,  alternating  with  them,  sixthin  rows  in  which  the  seed- 
pieces  were  placed  fifteen  inches  apart  in  the  row.  No  outside  or 
buffer  rows  were  used  in  this  experiment.  The  soil  was  a  heavy 
clay  loam  and  was  given  a  li^t  appUcation  of  stable  manure,  but 
no  commercial  fertilizer.  Altho  plowed  twice,  once  in  the  fall  and 
once  in  the  spring,  and  altho  much  labor  was  expended  in  fitting  it, 
the  soil  was  hard  and  lumpy  at  planting  time  on  account  of  an 
excessive  amount  of  rain.  Nevertheless,  by  making  the  furrows 
shallow  and  using  care  in  covering  the  seed-fneoes,  planting  was 
accomplished  in  a  fairly  satisfactory  manner. 
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Tlie  Beed  used  was  of  the  variety  Sir  Walter  Raleigh  grown  in 
the  experiment  of  1917.  Tubers  of  medium  size  were  cut  into  pieces 
having  an  average  weight  of  0.9547  ounces  and  the  pieces  were  thoroly 
mixed  before  planting.  The  quantity  of  seed  required  to  plant  an 
acre  was  11.53  bushels  for  the  thin  rows  and  28.82  bushels  for  the 
thick  rows.    The  date  of  planting  was  June  3. 

About  95  per  cent  of  a  full  stand  of  plants  was  obtained.  In 
Jxdy  it  was  discovered  that  about  ten  per  cent  of  the  plants  were 
quite  severely  affected  with  leaf  roll  and  a  few  others  were  weak 
from  some  imknown  cause.  These  conditions  were  somewhat 
unfavorable  for  the  experiment. 

The  weather  conditions  were  not  unusual  in  any  respect.  During 
June,  July,  and  September  the  rainfall  was  sufficient,  but  August 
was  too  dry  for  potatoes.  About  August  1  there  were  a  few  days  of 
very  hot  weather  which  caused  some  injury  to  the  plants.  Three 
applications  of  bordeaux  mixture  were  made.  There  was  no  injury 
by  blight  or  insects  except  leafhoppeis  which  were  quite  numerous 
and  caused  considerable  curling  and  rolling  of  the  leaves.  The  plants 
attained  only  medium  size,  never  completely  covering  the  ground 
between  the  rows.  Growth  ceased  about  October  16,  or  135  days 
after  planting. 

At  harvest  time  the  product  of  esuch  row  was  sorted  into  four  grades 
and  the  tubers  of  es/dx  grade  counted  and  weighed  as  in  the  previous 
experiments.  However,  there  were  so  few  tubers  of  the  extra  large 
grade  (over  twelve  ounces  in  weight)^  that  it  seemed  unnecessary 
to  separate  them  from  the  next  smaller  grade  and,  acoordingly, 
in  Tables  7  and  8  the  entire  crop  is  reported  imder  three  grades. 

DISCUSSION  OF  TABLE   7 

While,  in  di£f^ent  parts  of  the  experiment,  the  yield  of  the  six 
thick  rows  varied  considerably  as  did,  also,  the  yield  of  the  six  thin 
rows,  each  thick  row  gave  a  laiger  yield  than  either  of  the  two  thin 
rows  adjoining  it,  and  no  thin  row  outyielded  any  thick  row  in  any 
part  of  the  experiment.  This  is  true  for  both  weight  and  number  of 
tubers  in  all  three  grades.  In  other  words,  the  experiment  consist- 
ently showed  a  larger  yield  for  thick  than  for  thin  planting. 

'On  Bow  2,  two;  on  Bow  6,  two;  and  on  Bow  13,  three  tuben. 
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Tabub  7. —  YiBU»  BT  BoiTB  uf  1918  BzraiziiaMT:  NuMBaa  and  Wsioar  of  Tubbbs. 


Tubbbs 

Tubbbs 

Tubbbs 

Tubbbs  of 

Spac- 

UNDBB  1  oz. 

1-2  OS. 

otbb  2  OS. 

ALL  4 

aBADB3 

Row* 

nro  IN 

BOW 

• 

Num- 
ber 

Weiiht 

Num- 
ber 

Weigjit 

Num- 
ber 

Weight 

Num* 
ber 

Wei^t 

In, 

Lba. 

0$. 

Lftt.  09. 

Lbs.  Oz. 

Lb9.0z. 

1 

6 

206 

8 

3 

385 

35    8 

1,060 

242    0 

1,660 

285    11 

2 

16 

110 

4 

0 

133 

13    3 

740 

203  11 

983 

220    14 

8 

6 

294 

7 

8 

468 

43    3 

1,022 

225    8 

1,784 

276     3 

4 

15 

73 

2 

8 

145 

13    3 

656 

170    4 

874 

185    15 

6 

6 

251 

9 

2 

460 

43    0 

1,013 

228  12 

1,724 

280    14 

6 

15 

101 

3 

5 

128 

12    2 

742 

195    2 

971 

210     9 

7 

6 

242 

9 

4 

471 

43  14 

1,018 

215    8 

1,731 

268    10 

8 

15 

94 

3 

9 

159 

15    4 

767 

200    8 

1,020 

219     5 

9 

6 

252 

9 

8 

500 

47    2 

1,123 

246    2 

1,875 

302    12 

10 

15 

133 

4 

7 

184 

16    8 

821 

212    2 

1,138 

233      1 

11 

6 

293 

11 

4 

505 

46    8 

1,113 

248    0 

1,911 

305    12 

12 

15 

88 

2 

6 

187 

22    8 

703 

192    8 

978 

217     6 

AVBBAOB.. 

6 

256 

9 

2 

465 

43    3 

1,060 

234    5 

1,781 

286    10 

15 

100 

3 

6 

156 

15    7 

738 

195  11 

994 

214     8 

*  Number  of  rows  required  to  make  an  acre,  50. 


MiaSINO  HILLS 

It  ha3  been  stated  that  there  was  a  stand  of  about  85  p^  cent 
This  is  based  on  counts  made  on  the  thin  rows.  There  were  eight 
misses  in  Row  2,  ten  in  Row  4,  eleren  in  Row  6,  eight  in  Row  8, 
nine  in  Row  10,  and  nineteen  in  Row  12.^  In  every  instance  these 
were  single-hill  skips.  It  appears  that  we  have,  in  this  case,  means 
for  making  a  fairly  accurate  comparison  of  what  the  yields  on  the 
thin  rows  would  have  been  had  there  been  no  misses.  In  other  words, 
we  can  correct  the  3deld  for  full  stand  by  using  the  formulas  given 
on  page  68  of  Bulletin  No.  459  of  this  Station.^  Clearly,  these 
formulas  are  applicable  because  the  experiment  furnishing  the  data 
from  which  they  were  derived  was  conducted  on  an  adjoining  plat 
of  the  same  kind  of  soil,  planted  on  the  same  day,  with  some  of  the 

^  Each  row  contained  232  hills  and  equalled  one-fiftieth  acre. 

*Theae  formulas  are:    (1)  Conected  yield,  CY»  ^^^^i  and  (2)  stand 

HI Q  4^4f 

Talue,  SVassl ^ ,  when  m  is  the  number  of  missing  hills  per  acre,  s  the 

fi 

number  of  skips  per  aore,  and  n  the  number  of  hills  per  acre  in  a  full  sUnd. 
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same  lot  of  seed,  aod  with  the  same  spaoiiig  (15  by  36  inches)  as 
used  in  the  1918  spacing  experiments. 

Ptesumably,  the  percentage  of  a  full  stand  on  thick  rows  was 
practically  the  same  as  that  on  thin  rows,  but  as  it  was  difficult  to 
determine  the  number  of  miflsing  hills  accurately,  it  was  not 
attempted.  Moreover,  even  if  the  number  of  misses  were  known 
there  would  be  no  means  of  correcting  the  yields  for  full  stand  because 
we  have  no  formula  applicable  to  six-inch  planting. 

Since  it  is  impossible  to  correct  the  yields  for  full  stand  on  both 
thick  and  thin  planting  we  are  obliged  to  use  the  actual  yields  for 
comparison.  While  this  is  obviously  disadvantageous  to  the  thin 
planting  the  writer  inclines  to  the  opinion  that  it  is  not  imfair, 
because  it  is  one  of  the  merits  of  six-inch  planting  that  it  greatly 
lessens  the  risk  of  getting  a  low-yield  stand  thru  failure  of  the  seed- 
pieces  to  grow. 

Tablb  8. —  Mban  YixLDe  pxb  Acbb  ts  1918  Expsbimbnt:  Sumiubt  of  Data  in 

Table  7. 


Spacdio 
nr 

TUBBBS 
UNBBB  1  OZ. 

TUBBBA 
1-2  OJ5. 

TUBBBS 
OVBB  2  OZ. 

TuBBBs  or 

AU<  GBADE8 

BOW 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

Num- 
ber 

Quan- 
tity 

6 

12,817 

7.6 

23,242 

Bu. 
36.0 

62,983 

Bu. 
195.2 

89,042 

Bu. 
238.8 

15 

4,902 

2.8 

7,800 

12.9 

36,908 

163.0 

49,700 

178.7 

DISCUSSION  OF  TABLE  8 

As  in  1916  and  1917,  thick  planting  gave  a  considerably  larger 
yield  in  all  three  grades  of  tubers.  In  the  marketable  grade  the 
difference  amounted  to  16,075  tubers  or  32.2  bushels  per  acre.  The 
average  weight  of  the  tubers  of  the  marketable  grade  was  somewhat 
greater  than  in  either  1915  or  1917,  being  3.54  ounces  for  thick 
planting  and  4.28  oimces  for  thin  planting.  Again,  the  tubers  from 
thin  planting  were  of  better  average  size  for  table  use. 
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THE  EXPERIMENT  OF  1910 

The  experiment  in  1919  consisted  of  twenty-four  rows  125  feet 
long  and  three  feet  apart.  Twelve  thick-planted  rows  alternated  with 
twelve  thin-planted  rows.  Each  thick-planted  row  contained  250 
plants  six  inches  apart;  each  thin-planted  row,  100  plants  fifteen  inches 
apart.  The  number  of  rows  required  to  make  an  acre  was  116.16. 
The  total  area  occupied  by  the  experiment  was  a  little  over  one-fifth 
acre. 

The  soil  was  a  heavy  clay  loam,  fairly  uniform,  and  of  medium 
fertility.  No  manure  or  fertilizer  was  used  on  the  experiment 
plat  either  in  1918  or  1919.  The  plat  had  been  used  as  a  kitchen 
garden  in  1918.  The  surface  drainage  was  good  except  at  one  end 
of  the  plat  where  a  few  plants  were  slightly  injured  by  standing 
water  after  a  heavy  shower. 

The  plat  was  plowed  crosswise  to  the  direction  in  which  the  rows 
were  to  run.  On  the  surface,  the  soil  was  thoroly  worked  and  made 
fine  and  free  from  lumps,  but  on  account  of  heavy  rains  previous  to 
plowing  it  was  impossible  to  fit  it  as  deeply  as  good  potato  culture 
requires  so  that  it  was  necessary  to  resort  to  rather  shallow  planting. 
Shallow  furrows  were  made  with  a  double  mold-board  plow,  the 
seed-pieces  placed  by  hand  and  accurately  spaced  by  means  of 
a  ruled  rod,  and  the  seed  covered  by  means  of  hoes. 

The  seed  was  of  the  variety  Enormous  No.  9,  and  was  treated 
with  formaldehyde  for  scab  on  May  14,  cut  on  May  27,  and  planted 
Jime  5.  The  seed-pieces  were  cut  with  considerable  care  in  order 
to  obtain  at  least  one  good  eye  to  each  piece  and  to  make  diem 
fairly  unifcmn  in  oae.  After  cutting,  the  entire  lot  was  placed  m  a 
pile  and  thoroly  mixed  and  the  seed-pieces  then  counted  and 
weighed.  The  average  weight  was  found  to  be  1.41  ounces.  The 
thin  planting  required  17  bushels  of  seed  per  acre  and  the  thick 
planting  42.5  bushels. 

The  soil  being  dry  and  the  weather  hot  at  tune  of  planting,  some 
of  the  seed-pieces  failed  to  produce  plants.  An  examination  made 
on  July  5|  when  a  majority  of  the  plants  were  about  six  inches  bif^, 
showed  thirty-four  misses  on  the  twelve  thin-planted  rows  or 
about  97  per  cent  of  a  full  stand.  In  addition,  there  were 
a  few  plants  which  were  barely  up  and  were  evidently  weak- 
lings.   The  places  of  the  missing  plants  were  promptly  filled  by 
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trajfiflplanting  into  them  potato  ptontB  of  the  wune  agfi  9nd  variety. 
In  this  way  a  full  stand  was  obtained  on  the  thin«idanted  rows. 
Nothing  was  done  about  filling  blanks  in  the  thick-filanted  rows. 
Presumably,  the  percentage  of  missing  plants  in  these  rows  was 
about  the  same  as  in  the  thin-planted  rows,  but  it  was  not  practicable 
to  replace  them.  While  this  method  of  procedure  introduced  an 
element  of  inequality  between  the  thick  and  thin  rows,  giving  a 
slight  advantage  to  the  thin  planting,  it  was  deemed  expedient. 

The  plants  were  thoroly  sprayed  with  bordeaux  mixture  four 
times.  In  the  first  two  sprayings  arsenate  of  lead  was  added  for 
the  control  of  insects.  No  damage  was  done  by  Colorado  potato 
beetles  or  by  blight  and  there  was  no  rot  affecting  the  tubers.  Flea 
beetles  caused  slight  injury  and  many  plants  were  also  slightly 
injured  by  the  tarnished  plant  bug.  After  about  the  first  of  August 
there  was  considerable  rolling  and  curling  of  the  leaves  and  during 
September  a  little  tipbiun  due,  apparently,  to  leafhoppers  and  dry 
weather.    There  was  practically  no  true  leaf  roll. 

During  the  greater  part  of  the  summer  of  1919  the  weather  was 
too  dry  for  a  vigorous  growth  of  potato  plants  and,  in  addition, 
the  soQ  was  not  rich.  Between  the  rows  there  was  much  exposed 
ground  which  became  hard  and  dry,  altho  it  can  scarcely  be  said 
that  the  plants  suffered  much  from  drought.  The  plants  were 
fairly  uniform  in  size  over  the  whole  plat  and  died  natiually  and 
evenly  during  the  last  week  of  September. 

The  grading,  counting,  and  weighing  of  the  crop  were  all  done 
by  the  writer  and  much  care  was  taken  to  avoid  errors.  The  yield 
by  rows  is  shown  in  Table  9. 

DISCUSSION  OF  TABLE  9 


Let  us  first  consider  the  figures  in  the  last  two  columns  which 
show  the  number  and  weight  of  tubers  of  all  grades  produced  by  each 
row.  Each  thick  row  produced  a  considerably  larger  number  and 
weight  of  tubers  than  either  of  the  two  thin  rows  adjoimog  it.  In 
fact,  no  thin  row  outyieLded  any  thick  row. 

As  regards  total  weight  of  tubers,  the  least  difference  between 
the  yield  of  a  thick  row  and  that  of  a  thin  row  adjoining  it  is  11 
pounds  13  ounces,  which  is  at  the  rate  of  32L9  bushels  per  acre. 
(Compare  Rows  10  and  U.)    The  greatest  difference  between 
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the  yield  of  a  thick  row  and  that  of  a  thin  row  adjmiing  it  is  50 
pounds  10  ounces,  or  98  bushels  per  acre.  (Ck>mpare  Rows  15  and  16.) 
As  regards  total  number  of  tubers,  the  least  difiFerence  between 
thick  and  thin  rows  adjoining  each  other  is  279,  or  32,409  per  acre. 
(Compare  Rows  5  and  6.)  The  greatest  difference  is  343,  or  39,843 
per  acre.    (Compare  Rows  9  and  10.) 

Tabus  9. —  Yield  bt  Rows  in  1919  Ejefsbiment:  Numbee  and  Weight  or  Tubebs. 


Row* 

Spao- 

ZITQ 

sow 

TtrBBRS 
UNDBB  1  OZ. 

TvBns 
1-2  OZ. 

TUBBBS 

2-12  02. 

TUBBBS 
OVBB  12  OZ. 

TuBBBSOr 
ALLOBAinS 

No. 

Weicht 

No. 

Wdcht 

No. 

Wflight 

No. 

Wflight 

No. 

Weight 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

/n. 
15 

6 
15 

6 
15 

6 
15 

6 
15 

6 
15 

6 
15 

6 
15 

6 
15 

6 
15 

6 
15 

6 
15 

6 

30 
66 
32 
81 
47 
97 
39 
98 
38 
98 
41 
96 
41 
102 
49 
98 
38 
89 
41 
90 
20 
67 
87 
76 

Lb9,    Om. 

1  8 

2  4 

1  1 

2  7 
1    8 

3  6 
1     4 
8    3 

1  1 

2  10 
1  10 

3  7 
1  12 
3    9 
1  12 
3    4 

1  6 

2  12 

1  8 

3  1 

0  9 

2  6 

1  8 

2  12 

36 

82 

35 
100 

45 
128 

42 
104 

30 
122 

41 
136 

49 
150 

35 
120 

48 
127 

42 
107 

63 
137 

44 
108 

L5t.    Ot. 

3  5 
7  18 

2  14 
9  12 

4  3 
12    8 

3  12 
9    8 

2  9 

12  0 

3  14 
14    0 

4  13 
14    0 

3  5 
11     8 

4  8 
11  13 

4  4 
10    8 

5  11 

13  0 
4     1 

10    0 

313 
514 
295 
522 
331 
483 
307 
498 
319 
517 
326 
491 
344 
476 
303 
513 
296 
502 
280 
467 
288 
475 
289 
489 

Lb9. 

114.5 

144.0 

108.0 

151.0 

110.5 

132.0 

104.5 

134.0 

107.5 

129.5 

117.5 

135.5 

113.0 

135.0 

100.0 

146.0 

108.0 

129.5 

96.0 
128.0 

97.0 
129.5 
104.0 
136.0 

7 
8 

17 
5 
8 
2 

14 
0 
9 
2 

12 
0 

11 
2 
7 
1 
7 
2 
6 
2 
9 
4 

15 
6 

Uf.   o». 

6  9 

7  4 
17    8 

4  4 
7    8 
1  13 

15    0 

0  0 

7  10 

1  12 
11     3 

0  0 
9  13 

1  15 

5  15 

0  14 

6  0 

1  10 
5    8 
1  10 

8  7 
3  15 

13    6 
5    3 

386 
670 
379 
706 
431 
710 
402 
700 
306 
730 
420 
723 
445 
730 
394 
732 
389 
720 
360 
666 
380 
683 
385 
674 

Urn.  Oz. 
125  9 
161  5 
120  7 
167      7 

123  11 
140    11 

124  8 
146  11 
118  12 
145  14 
194  3 
152  15 
129  6 
154  8 
111  0 
101  10 
114  14 
145  11 
107  4 
143  3 
111  11 
148  13 
122  15 
158     15 

Atbb- 

15 
0 

38 

88 

1  5 

2  15 

42 
118 

8  15 
11    6 

806 
496 

106.8 
135.8 

10 
3 

9    9 
2    8 

396 
705 

121  2 
152     10 

*  Number  of  rows  required  to  make  an  acre,  116.16. 

It  is  interesting  to  note  that  the  difference  in  weight  varies  much 
more  widely  than  the  difference  in  number  of  tubers,  also,  that  the 
pairs  of  rows  showing  the  least  and  the  greatest  difference  in  weight 
of  tubers  are  not  the  same  as  those  showing  the  least  and  the  greatest 
difference  in  number  of  tubers. 

Since  the  variation,  in  different  parts  of  the  experiment  plat, 
in  the  difference  between  the  yield  of  thick  and  tliin  rows  adjoining 
each  other  must  be  duei,  in  large  part,  to  differences  in  soil  con- 
ditions, it  appears  that  the  soil  influences  the  siae  of  the  tubers 
more  than  it  does  the  number  of  the  tubers. 
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Now,  tuming  our  attention  to  the  yield  of  tubeis  in  the  four 
grades,  we  find  that  for  each  of  the  three  smaller  grades  of  tubers 
each  thick  row  gave  a  considerably  larger  number  and  greater 
weight  of  tubers  than  either  of  the  two  thin  rows  adjoining  it;  also, 
that  no  thin  row  outjrielded  any  thick  row  either  in  number  or  in 
weight  of  tubers  belonging  to  any  one  of  the  three  smaller  grades. 
But  in  the  grade  containing  extra  large  tubers  (over  twelve  ounces 
in  weight)  the  opposite  condition  existed,  namely,  it  was  the  thin 
rows  (with  one  exception)  which  produced  the  larger  number  and 
weight  of  tubers.  The  exception  noted  is  the  thin  row  (No.  1) 
which  yielded  only  seven  extra  large  tubers  while  the  adjoining 
thick  row  (No.  2)  yielded  eight. 

The  above  comparison  of  the  differences  in  yield  of  thick  and  thin 
rows  adjoining  each  other  shows  the  results  to  have  been  highly 
consistent  thruout  the  experiment.  This  indicates  that  the  differ- 
ences in  yield  obtained  in  the  experiment  are  actually  due  to 
differences  in  thickness  of  planting  rather  than  to  inequalities  in 
soil  or  treatment. 

In  Table  10  the  data  shown  in  Table  0  are  stunmarized  and  given 
in  terms  of  ''yield  per  acre"  which  makes  them  more  intelligible. 


Tablb  10. —  Mban  Yislds  psb  Ache  in  1919  ExPEBimirr:  Sumieabt  or  Data  in 

Tabub  9. 


Spac- 


Tdbkbs 


Nunkf 
ber 


Quan- 
tity 


TUBBBS 

1-2  oz. 


Num- 
ber 


QUAD- 

tity 


TUBSBS 


Num- 
ber 


QUAB- 

tity 


TVBBBS 
OYBB  13  OS. 


Hvaor 
ber 


Quan- 
titar 


TUBBBSOF 
ALLOBADn 


Num- 
ber 


tity 


0. 
16. 


/». 


10.241 

4.3S5 


Bu. 
6.7 
2.6 


18.707 
4,087 


Bu. 

22.0 

7.6 


67.667 
86,729 


Bu, 

268.0 

206.8 


329 
1181 


Bu. 

4.9 

18.6 


81.844 
46.232 


Bu, 
296.6 
234.5 


DISCUSSION  OF  TABLE   10 

In  the  three  smaller  grades  of  potatoes  the  yield  from  thick  plant- 
ing was  considerably  greater  than  that  from  thin  planting  as  in  all 
previous  experiments;  but  this  year,  for  the  first  time  since  1914, 
we  have  to  take  into  accoimt  the  fourth-  grade  containing  tubers  over 
twelve  ounces  in  weight.  Altho  the  yield  of  tubers  of  this  grade 
was  not  large  there  were  13.6  busheb  per  acre  more  of  them  with 
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thin  plooitiDg  thaoi  with  tfaMc  id&nting.  If  these  extra  hurge  tubers 
are  counted  as  marketable  the  difference  in  yield  ci  marketable 
tubers  (all  over  two  ounces)  was  20,986  or  43.6  bushels  per  acre  in 
favor  of  thick  planting.  On  the  other  hand,  if  only  tubers  weighing 
between  two  and  twelve  ounces  are  counted  as  marketablCi  the 
difference  was  21,838  tubers  or  57.2  bushels  per  acre. 

Ab  regards  their  desirability  for  table  use,  the  tubers  over  two 
ounces  in  weight  from  thick  planting  were  clearly  superior  to  those 
from  thin  planting  even  if  Hie  eictra  large  tubers  were  left  out  of 
consideration.  The  average  weight  of  the  tubers  in  the  two-to- 
twelve-ounoe  grade  was  4.39  ounces  for  thick  planting  and  5.53 
ounces  for  thin  planting. 

GENERAL  DISCUSSION  OF  RESULTS 

The  data  presented  in  Tables  1  to  10  may  be  used  in  various  ways 
to  answer  a  large  number  of  questions  most  of  which,  however,  may 
be  classified  under  one  of  four  heads,  viz.:  (1)  Number  of  tubers; 
(2)  quantity  of  tubers;  (3)  size  of  tubers;  and  (4)  net  difference  in 
yield.  In  Tables  11  to  16  the  data  have  been  brought  together  in 
such  a  way  as  to  facilitate  a  comparison  of  the  principal  results 
obtained  in  different  seasons. 

NXTHBBB  OF  TUBBBS 

Table  11  shows  the  number  of  tubers  of  each  grade  per  acre  pro- 
duced by  the  two  kinds  of  planting  in  each  of  the  five  seasons  during 
which  the  experiments  were  conducted.  It  will  be  observed  that 
in  each  of  the  three  smaller  grades  of  tubers  the  yield  from  thick 
planting  was  considerably  larger  than  that  from  thin  planting  in 
every  year.  The  same  is  true  of  the  total  yield,  given  in  the  last 
oolunm.  But  the  yield  of  extra  large  tubers,  ^en  there  were  any, 
was  greatest  on  the  thin  planting.  Roughly  speaking,  thick  planting 
produced,  on  the  average,  somewhat  more  than  twice  as  many 
tubers  under  two  ounces  in  weight  as  did  thin  planting;  while,  of 
tubers  over  two  ounces  in  weight,  the  yield  from  thick  planting 
was  not  quite  one  and  one-half  times  that  from  thin  planting;  and  the 
average  total  number  of  tubers  from  thick  planting  was  about  one 
and  two-thirds  times  that  from  thin  planting. 

Another,  and  better,  way  of  stating  the  results  is  by  means  of 
percentages  as  in  Table  13.    Here,  the  percentage  of  increase  due  to 
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thick  plaating  10  given  for  6Mk  year  and  wrera/gj^  for  five  yean. 
In  the  smallest  grade,  tiie  average  increase  was  119.1  per  cent; 
in  the  one-to-two-ounoe  grade,  144.5  per  cent;  in  the  ovo^-two- 
oonce  grade,  44.3  per  cent;  and  for  total  yield  (tubers  of  all  grades) 
67.2  per  cent. 


Table  11.— 

NUMBSB  OF  TUBBBS  PBB  ACBB,   1914-1919. 

YXAB 

Btao- 

INQ 

TUBBBB 

ttmdbbIoz. 

Tubbbs 
1-2  oz. 

Tubbbs 
2-12  OS. 

Tubbbs 
oyeb12oz. 

Tubbbs  OF 

▲LLOBABBS 

1914 

In. 
6 

10,974 

18,685 

72,506 

633 

97,840 

15 

5,371 

5,910 

48,175 

3,500 

62,956 

lOIK 

6 

14,020 

25,920 

71,230 

None 

111,170 

IVIO. 

15 

6,300 

13,120 

49,480 

None 

68,900 

1017 

6 

10,608 

32,878 

44,880 

None 

88,366 

1VJ.# 

15 

5,950 

15,028 

33,150 

None 

54,128 

IQIR 

6 

12,817 

23,242 

52,983 

None 

89,042 

xvxo. .  • 

15 

4,992 

7,800 

36,850 

58 

49,700 

1Q10 

6 

10,241 

13,707 

57,667 

329 

81,844 

xvxv.  .• 

15 

4,385 

4,937 

35,729 

1,181 

46,232 

Atbbaqb 

6 

11,732 

21,876 

59,852 

192 

93,652 

15 

5,400 

9,369 

40,677 

56,383 

In  four  of  the  five  experiments  the  percentage  of  increase  was 
considerably  greater  in  the  one-to-two-ounce  grade  than  in  the 
nnder-one-ounce  grade;  but  in  the  eaEperiment  of  1016  thip  rule  was 
leversed,  owing  probably,  to  the  shortness  of  the  growing  season 
that  year. 

The  fourth  column  of  Table  14  shows  the  average  number  of  tubers 
produced  per  plant  by  the  two  kinds  of  planting  for  each  of  the  five 
years.  The  figures  here  given  were  obtained  by  dividing  the  total 
number  of  tubers  per  acre  by  the  number  of  plants  per  acre  which  is 
29,040  for  thick  planting  and  11,616  for  thin  planting.  The  largest 
number  of  tubers  per  plant,  for  both  kinds  of  planting,  was  obtamed 
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in  1915  when  there  was  an  abundance  of  rain  during  the  settiog 
aeaaon,  while  the  least  number  was  obtained  in  1919  when  the  weather 
was  dry  at  setting  time.  The  reduction  in  average  number  of 
tubers  per  phmt  due  to  thick  planting  varied  from  28.3  per  cent 
in  1918  to  37.8  per  cent  in  1914. 


QUANTmr  OF  TUBBBS 

The  quantity  of  tubers  of  each  grade  per  acre  produced  by  the  two 
kinds  of  planting  in  each  year  is  shown  in  Table  12. 

The  Im^est  total  yields,  obtained  in  1914,  were  twice  the  size  of 
the  smallest  total  yields,  obtained  in  1917;  yet  the  difference  in 

Table  12.—  Quai«tett  of  Tubsbs  psb  Acbb,  1914-1919. 


Ybab 

Spag- 

XNO 

Tubbbs 
undebIoz. 

TUBBBB 
1-2  OS. 

TXTBBBA 

2-12  oz. 

TUBBBB 
0VBBl20S. 

TUBBBSOr 
AUiGBADES 

1914 

In. 
6 

Bu. 

Bu. 

n 

Bu. 
354.9 

Bu. 
9.3 

Bu. 
392.7 

15 

n 

n 

280.2 

51.4 

343.4 

101A 

6 

9.2 

39.6 

260.4 

None 

309.2 

IVIO*  •  •  ■ 

15 

3.7 

20.0 

202.2 

None 

226.0 

1017 

6 

6.4 

48.7 

143.0 

None 

196.1 

Itfl  f 

15 

8.5 

22.1 

122.4 

None 

148.0 

IQIfi 

6 

7.6 

36.0 

195.2 

None 

238.8 

IVlO ............ 

15 

2.8 

12.9 

162.2 

0.8 

178.7 

1O10 

6 

6.7 

22.0 

263.0 

4.9 

205.6 

IVIV 

15 

2.6 

7.6 

205.8 

18.5 

234.5 

*  Yield  of  tubers  tinder  two  ounces  in  weight,  28.5  bushels  per  acre, 
t  Yidd  of  tubscB  under  two  ounoes  in  weight,  11^  bushels  per  acre. 

the  yields  of  thick  and  thin  planting  for  these  two  years  was 
practically  the  same  and  the  smaUest  of  the  series,  namely,  49.3 
bushels  per  acre  in  1914,  and  50.2  bushels  p^  acre  in  1917.  In  this 
connection,  it  should  be  noted  that  the  experiments  of  1914  and  1917 
were  the  poorest  of  the  series  as  has  been  escplained  elsewhere. 
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The  experimeDts  of  1918  and  1919,  ahho  showing  quite  different 
total  yields,  gave  practically  the  same  difference  in  favor  of  thick 
planting,  namely,  60.1  bushels  per  acre  in  1918,  and  61  bushels  per 
acre  in  1919. 

The  best  showing  made  by  thick  planting  was  in  the  experiment  of 
1915  when  the  difference  in  total  yield  was  83.2  bushels  per  acre. 
It  will  be  remembered  that  this  was  the  year  in  which  the  plants 
were  killed  early  by  blight. 

If  the  experiments  are  ranked  according  to  the  percentage  of 
increase  in  total  quantity  of  tubers  resulting  from  thick  planting, 
their  order,  from  the  lowest  to  the  highest,  would  be  as  follows:  1914, 
1919,  1918,  1917,  and  1915.  The  average  percentage  of  increase 
was  28.9.     (SeiB  Table  13.) 

Comparing  the  percentage  of  increase  in  number  of  tubers  with 
the  percentage  of  increase  in  quantity  of  tubers,  as  shown  in  Table  13, 


TaBLB  13.—  PUBCaNTAOfl  OF  InCBBASB  nC  NtTMBSB  and  WnOHT  OF  TUBIBS  PBB 

Afntv  Dus  TO  TmcK  PLAirania,  1914-1919. 

PnoEMTAoa  or  iNCBBAaa  masavrDfta  raou  thick  PLAicmra* 

Ymam 

Tubers 
xnmma  1  oi. 

TVBSBS 

1-2  OI. 

TUBBBS 
OTBB  2  OB. 

TuBBBS  09 
▲LLOBAOBB 

Number 

Weight 

Number 

Weight 

Number 

Weight 

Number 

Weight 

1914 

p€romU 
104.8 

tT 

130.7 

PtWMmt 

41.7 

Fw9mU 

9.8 

Pwretni 
55.4 

Pwrmni 
14.4 

191A 

122.5 

148. 6 

07.6 

98.0 

44.0 

28.8 

61.3 

36.£ 

1917 

78.3 

82.0 

118.8 

120.4 

35.4 

16.8 

63.3 

33.0 

1918 

156.8 

171.4 

108.0 

179. 1 

43.6 

19.8 

79.2 

83. e 

1919 

133.5 

119.2 

177.6 

189.5 

56.9 

19.4 

77.0 

2d.C 

ArsBAas 

119.1 

1.44.5 

44.3 

18.9 

67.2 

28.( 

*  Computed  fay  dividing  the  difiference  in  yield  of  ihidc  and  thin  planting  by  the 
yield  of  thin  planting, 
t  D&ta  lacking. 

the  latter  is  usually  the  higher  in  the  two  smaller  grades  of  tubers, 
but  considerably  the  lower  in  the  marketable  grade  and  in  the 
total  3^eld. 

For  a  study  (rf  the  average  quantity  ci  tubers  produced  per  plant 
see  Table  14,  sixth  column.    It  will  be  seen  that  in  1914  the  average 
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yield  per  plant  on  thick  rows  was  leas  than  half  that  on 
but  in  eaoh  of  the  other  four  years  it  was  a  little  over  half. 


Tablb  14.— Numbbb,  QuANTmr,  and  Aybsaqi  Wbiobt  of  Tubbb8»  1914-1910. 


Ybab 

Spac- 
nfG  m 

ROW 

NUMBKB  OF 

TUBBBS  OF  ALL 

OBAOX8 

QUAMTRT  OF 

TUBBBS  OP  ALL 
0BADB8 

ATBBAOi 

'WBIOBT  OF 

TDBB88 

Pter 
ftcre* 

Per 
plant 

Pte 

aero* 

Pte 
plant 

Over 
2oi. 

An 

grades 

1Q14 

In, 
6 

97,840 

3.37 

Btt. 
392.7 

Ob. 
13.0 

4.75 

Of. 
3.86 

XaXt 

15 

62,956 

5.42 

343.4 

28.4 

6.16 

5.24 

lot.*) 

6 

111,170 

3.83 

309.2 

10.2 

3.51 

2.67 

XVIO ■«•  •••••••«••• 

15 

68,900 

5.93 

226.0 

18.7 

3.92 

3.15 

1017 

6 

88,366 

3.04 

198.2 

6.6 

3.06 

2.17 

XVXf •••...•.. 

15 

54,128 

4.66 

148.0 

12.2 

3.55 

2.62 

101ft 

6 

89,042 

3.07 

238.8 

7.8 

3.54 

2.54 

XVIO ••.••. 

16 

49,700 

4.28 

178.7 

14.8 

4.28 

3.45 

1010 

6 

81,844 

2.82 

295.5 

9.8 

4.44 

3.47 

AvAV ......••..••.. 

15 

46,232 

3.98 

234.5 

19.4 

5.66 

4.87 

*  There  are  29,040  plants  on  an  aere  of  potatoes  plante(L6by  36  indiM,  and  11,616 
on  an  acre  planted  15  by  36  inches. 


SIZB  OF  TUBSBS    . 

It  is  dear  that  the  reduction  in  the  average  size  of  the  tubers, 
which  is  the  inevitable  result  of  thick  planting,  improves  the  quality 
of  the  crop  for  seed  purposes,  but  its  e£Fect  on  the  quality  of  the 
crop  for  table  use  depends  upon  circumstances  and  is  difficult  to 
determine.  For  mixed  lots  of  tubers  it  is  very  difficult  to  determine 
what  average  weight  is  most  desirable.  In  fact,  it  is  largely  a  matter 
of  opinion.  The  writer's  opinioQi  baaed  upon  observations  made  in 
connection  with  these  experiments,  is  that  a  lot  of  tub^  vaiying 
from  two  to  twelve  ounces  in  weif^t  should  have  an  average  weight 
of  about  4.26  ounces  to  be  most  desirable  for  general  family  use 
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where  some  of  the  tubers  are  to  be  used  f cht  boilings  some  for  baking, 
and  same  for  mashed  potatoes.^ 

Having  this  standard  in  mind,  the  figures  in  the  nesct  to  the  last 
oohinm  of  Table  14  enable  us  to  form  an  opinion  as  to  the  rdative 
desirabihty  of  the  crops  from  thick  and  thin  planting.  Apparently, 
the  crop  from  thin  planting  was  superior  to  that  from  thick  planting 
in  1915,  1917,  and  1918,  since,  in  the  former,  the  average  size  of  the 
tubers  over  two  oimoes  in  weight  was  nearer  the  standard.  In  1915 
and  1917  there  were  no  tubers  over  twelve  ounces  in  weight,  and  ia 
1918  only  a  few,  all  of  which  were  from  thin  planting. 

In  1914  and  1919  even  the  tubers  from  thick  planting  were  of  too 
large  size,  but  were  better  than  those  from  thin  planting.  The 
average  weights  given  in  Table  14  are  for  aU  tubers  over  two  ounces 
in  weight,  but  even  if  restricted  to  tubers  between  two  and  twelve 
ounces  all  of  the  averages  for  1914  and  1919  would  still  be  above 
the  standard  of  4.25  ounces. 

Of  the  total  number  of  tubers  i»'odueed,  the  percentage  which 
attained  a  weight  of  two  ounces  or  more  was,  on  the  average,  about 
one-eighth  less  for  thick  planting  than  for  thin  planting,  being 
64.1  per  cent  for  the  former  and  73.8  per  cent  for  the  latter.*    The 

1  Wmnde  (Mont  Agr.  Exp.  Ste.  BuL  106,  &*6, 1916)  in  diseiiiiiBS  tbe  rasnlts  of 
■ome  thinning  experiments  with  potatoes,  says:  ''The  quality  of  the  marketable  crop 
was  greatly  improved  by  thinning.  •  •  •  •  Rural  planted  14  inches  apart  and 
thinned  produced  marketable  tubers  avstacng  7.4  ounces,  while  in  unthinnod  tows 
the  marketable  tubers  averaged  6  ounces  in  weight.  Russet  Burhank  planted  12 
inches  apart  and  thinned  produced  marketable  tubers  with  an  average  weight  of  7.5 
ounees,  and  unthinned  rows,  markefcable  tubers  avetaging  5.3  ounces." 

Tliese  potatoes  were  graded  over  a  l{-inch  mesh  screen  which  would  permit  the 
passage  A  tubevs  weighing  somewhat  more  than  two  ounces.  Nothing  is  said  oon- 
oefning  the  wei^t  of  the  larger  tubers.  Evidently,  this  author's  standard  for  nse 
of  taben  is  venr  different  from  our  own. 

>  Emerson  (Nebr.  Agr.  Exp.  Sta.  BuL  07,  9, 1907)  in  discussing  the  results  of  some 
eaqMriments  urihicfa  he  eoadiieted  in  Netanska,  says:  "These  tests  indicate  that  the 
per  cent  ol  small  tubers  in  the  crop  depends  more  upon  the  size  of  the  seed-pieces 
Quantity  of  seed  per  hill),  than  upon  the  distance  between  hills  or  the  quantity  of 
seed  per  acre.  The  per  eent  of  small  tubers  inensaed  with  the  siie  or  the  seed- 
nieoe,  being  greatest  where  large  seed  pieces  were  used  and  least  where  small  ones  were 
planted.'' 

In  oar  own  experiments  seed-pieces  of  different  sisss  were  used  in  different  seasons 
yet  the  percentage  of  small  tubers  was  constantly  over  9.6  per  cent  higher  on  thick 
p|t^«f.mg  tlum  on  thin.  This  appears  to  disagree  with  the  conclusion  drawn  by  Emerson. 
HiywisFsr,  the  leanlts  of  the  two  eaqMrimeats  do  not  admit  of  dose  comparison.  The 
"amall"  tubors  in  Emerson's  experiments  were  tubers  under  three  ounces  in  weight, 
as  compared  with  tubers  under  two  ounces  in  weight  in  our  experiments.  Also, 
ttere  wen  other  important  differanssa. 
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percentages  for  each  of  the  five  experiments  are  given  in  Table  15. 
The  lowest  percentages  were  obtained  in  1917  in  oonjunction  with 
the  lowest  yields  in  quantity  (tho  not  in  number)  of  tuberSi  and 
the  highest  percentages  were  obtained  in  1914  in  conjunction  with 

Table  15. —  Pbbcbmtaos  of  Total  Numbbk  of  Tubbbs  which  Attainbd  a  Wbight 

OF  Two  OVNCBS  OB  MoBB,  1914-1910. 


Spacino 

1914 

1915 

1917 

1918 

1919 

AVBBACa 

6-iiich 

PerouU 
74.8 

Percent 
64.7 

Peroeni 
50.8 

PereerU 
59.5 

Percent 
70.7 

Percent 
64.1 

16-iiich 

82.8 

71.8 

61.2 

74.3 

79.8 

73.9 

the  highest  yields  in  quantity  (tho  not  in  number)  of  tubers.  The 
greatest  difference  between  the  percentages  for  thick  and  thin 
planting  and,  also,  the  greatest  reduction  resulting  from  thick 
planting,  occurred  in  1918. 

DIFFERENCE  IN  NET  YIELD 

Six-iQch  planting  requires  two  and  one-half  times  the  quantity 
of  seed  necessary  for  fifteen-inch  planting.  This  fact  must  be  given 
consideration  when  the  3deld8  are  compared  for  the  purpose  of 
determining  which  is  the  better  method  of  planting  to  employ.  It  is 
necessary  not  only  to  deduct  the  extra  quantity  of  seed  used  in  thick 
planting  before  making  a  comparison  of  yields,  but,  also,  to  make 
allowance  for  the  difference  in  the  value  of  potatoes  in  the  spring 
and  in  the  f  aU. 

The  first  of  these  two  corrections  is  easily  made,  but  the  second 
can  be  estimated  only,  and  for  this  reason  it  has  been  left  out  of 
account  in  the  compilation  of  Table  16.  In  this  table  ''net 
difference"  means  the  difference  in  yield  after  deducting  the  seed. 
Also,  no  account  is  taken  of  tubers  under  one  ounce  in  weight  since 
tubers  of  this  sise  are  almost  valueless. 

The  average  net  difference  in  favor  of  thick  planting  was  34.7 
bushels  per  acre.  Somewhat  more  than  one  half  of  this  difference 
(18.7  bushels)  consisted  of  tubers  weighing  over  two  oimces  each, 
and  the  remainder  of  tubers  between  one  and  two  oimces  in 
weight. 
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The  greatest  net  difference  (46.6  bushels)  oocurred  in  the  1015 
experiment;  the  outstanding  features  of  which  were:  (1)  Large 
seed-pieces;  (2)  an  unusually  heavy  setting  of  tubers;  and  (3)  a  short, 
but  favorable  growing  season. 

The  least  net  difference  (24.9  bushels)  occurred  in  the  1914  experi* 
ment  which  was  characterized  by  a  long,  favorable  growing  season, 
a  high  yield,  and  many  overgrown  tubers. 

Table  16. —  Ditfbiubncb  in  Yield  ArasR  DEDxrcnNG  Seed,  1914-1919. 


Ybab 

CHASACrXB 

OF 

SEED 

Atebaob 

WEIGHT 

OF 
SEED- 
PIECES 

BEBDPBBACBB 

Net  diffebencb  peb  acbb  in 

FAVOB  OF  THICK  PLANHNO  * 

ThiflV 
plant- 
ing 

Thin 
plant- 
ing 

Tubers 
1-2  OS. 

Tubeis 
oyer  2  os. 

1914. . . 

PieoeBof 
large  tubers 

Ol. 
1.029 

Bu. 
31.1 

Bu. 
12.4 

Bu. 
tll.O 

Bu. 
13.9 

1916. . . 

Pieoeeof 
large  tubers 

1.721 

52.0 

20.8 

19.6 

27.0 

1917. . . 

Whole  small 
tubers 

0.813 

24.5 

9.8 

11.9 

20.6 

1918. . . 

Pieces  of 
large  tubers 

0.955 

28.8 

11.5 

23.1 

14.1 

1919, . . 

PSeoesof 
large  tubers 

• 

1.410 

42.5 

17.0 

14.4 

18.1 

*  Disregarding  tubers  weighing  less  than  one  ounce. 

t  The  estimated  quantity  of  7,725  tubers.  Separate  weijghts  of  the  two  smalkr 
grades  of  tubers  were  not  taken  in  1914.  The  difference  in  yield  of  tuben  under 
two  ounces  m  weight  was  16.7  bushels  per  acre,  made  up  of  7,725  tubers  between  one 
and  two  ounces,  and  5,603  tubers  under  one  ounce  in  wnght. 


CONCLUSIONS 

Notwithstanding  the  fact  that  a  considerable  number  of  interesting 
and  suggestive  data  were  obtained  in  these  experiments,  it  is 
impossible  to  draw  definite  conclusions  from  them  as  to  the  relative 
number,  quantity,  or  size  of  tubers  which  may  be  expected  from 
flix-inoh  and  fifteen*inch  planting.  Several  factors  entering  into  the 
problem  have  received  little  or  no  consideration,  and  it  is  not  known 
how  they  might  affect  the  results.    However,  if  the  results  obtained 
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are  depeiidable»^  the  foUowing  general  ooncluBioiis  aeem  to  be 
warranted: 

In  the  production  of  seed  potatoes  of  varieties  of  the  Rural  group, 
New  York  growers  may  well  consider  planting  considerably  closer 
than  15  by  36  inches  since,  thereby,  the  net  quantity  of  the  crop 
is  likely  to  be  increased  and  its  quality  improved,  particularly  on 
rich  soil. 

If  the  seed  potatoes  are  designed  for  home  use  the  spacing  in  the 
row  may  be  as  close  as  is  consistent  with  roguing.  (Probably  it 
is  impracticable  to  rogue  properly,  plants  as  close  as  six  inches.) 

If  the  crop  is  to  be  sold  (either  for  seed  or  for  table  use)  the 
difficulty  of  disponing  of  the  small  tubers  may  necessitate  somewhat 
thinner  planting,  except  on  rich  soil.  Potatoes  grown  on  rich  garden 
soil  for  table  use  may  be  planted  as  close  as  6  by  30  inches  with 
advantage. 

^  With  the  writer,  the  method  of  alternatMm  or  replieatbn  of  sinisle-iow  plate  need 
in  these  expwiments  has  been  a  favorite  one  for  several  kinde  of  potato  eqwrimenti^ 
because  it  eliminat^w  the  inequalit^r  of  soil  whieh  is  a  very  important  souroe  of  enor 
in  field  experiment& 

Recently,  Kiesselbaoh  (Nebr.  Agr.  Exp.  Sta.  Research  BuL  13, 1918)  has  shown  tiiat» 
in  rate-of-planting  tests  with  oats,  wheat,  and  oom,  the  method  of  alternating  ain^e- 
row  plats  does  not  give  reliable  result&  Thni  what  he  caOs  "plat  ocmpetition" 
the  thick-planted  rows  have  an  advantage  which  makes  their  yield  higher  than  nocauJ 
and  that  of  the  thin-planted  rows  lower  than  normal 

Whether  this  is  true  also  of  potato  experiments  is  not  known.  Fh>bably,  it  holds 
for  some  conditions  and  not  for  others.  If  the  rows  are  close  together  and  the  potato 
plants  large  the  plants  in  one  row  must  compete,  to  some  extent,  with  {dants  in  adjacent 
rows.  It  may  have  occurred  in  our  experiments  of  1914  and  1915,  particularly  in  the 
garden  experiment  of  1914,  in  which  the  rows  were  only  thirty  indies  apart.  In  the 
experiments  of  1917,  1918,  and  1919,  in  which  the  rows  were  36  inches  apart  and  the 
plants  of  medium  sise,  it  seems  improbable  that  the  plants  in  one  row  were  mnoh 
mfluenoed  by  those  in  adjacent  rows. 


THE  NEW  YORK  SEED  LAW  AND  SEED 

TESTING  ♦ 

li.T.  MUNN 

THE  NEW  YORK  SB5ED  LAW 

Farm  s^eds,  the  most  variable,  and,  weight  for  weight,  the  most 
expensive  material  the  farmer  has  to  buy,  can  be  pm'chased  on  and 
after  July  1, 1920,  with  a  complete  tag  or  label  attached  to  each  sack, 
bag,  or  container  showing  the  purity,  germination,  amount  of  weed 
seeds  present,  and  the  presence  or  absence  of  certain  noxious  weed 

tSmSaJOm 

After  considerable  agitation  New  York  has  finally  secured  a  law 
designed  to  protect  the  purchaser  of  seeds  by  giving  him  full  informa- 
tion regarding  the  quality  of  the  contemplated  purchase;  and,  also, 
to  protect  the  honest,  legitimate  dealer  or  seedsman  against  the 
practices  of  dishonest  and  irresponsible  ones. 

The  New  York  seed  law,  which  became  effective  July  1,  1920, 
18  primarily  a  labeling  law  in  contradistinction  to  a  grading  law 
when  grades  are  required.  A  copy  of  the  law  may  be  had  upon 
application  to  the  Commissioner  of  Agriculture,  Albany,  N.  Y. 

THE  MAIN  FEATURE  OF  THE  LAW 

The  law  requires  the  labeling  of  all  agricultural  seeds  which  axe 
sold,  offered,  or  exposed  for  sale,  within  the  State- of  New  York,  for 
seeding  purposes  within  tiie  State  either  in  bulk,  package,  bags,  or 
other  containers  of  10  pounds  or  more  with  the  exception  of  special 
mixtures,  such  as  lawn  mixtures,  when  8  ounces  is  the  minimum 
limit  of  weight. 

XINnB  OF  SEEDS  TO  BE  LABELED 

TloB  tenn  ^'agricultural  seeds,''  as  defined  in  the  law,  includes 
practically  every  kind  of  seed  planted  upon  New  York  farms.  The 
following  are  deflignatsd  as  agricultural  seeds  and  are  subject  to 
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aU  the  provisions  of  the  seed  law  when  sold  for  seeding  purposes: 
Canada  bluegrass,  Kentucky  blu^rass,  orchard  grass,  redtop, 
timothy,  brome  grass,  fescues,  millets,  tall  meadow  oat  grass,  Italiaa 
rye  grass,  kafir  com,  perennial  rye  grass,  sorghum,  sudan  grass,  and 
other  grasses;  alfalfa,  alsike  clover,  crimson  clover,  red  clover,white 
clover,  sweet  clover,  vetches,  rape,  and  flax;  and  buckwheat,  barley, 
com,  oats,  rye,  wheat,  and  other  cereals. 

seed  mixtures 

All  mixtures  of  alsike  clover  and  timothy,  alsikQ  and  white  clover, 
redtop  and  timothy,  and  alsike  and  red  clover  in  lots  of  10  pounds 
or  more  must  be  fully  and  completely  labeled  in  the  same  manner 
as  unmixed  agricultural  seeds. 

Special  mixtures  of  agricultural  seeds,  that  is,  mixtures  which 
usually  carry  a  number  of  different  kinds  of  seeds,  when  in  lots  of 
8  oimces  or  more  must  also  be  fully  labeled  except  that  the  law  does 
not  require  a  statement  of  the  germination  percentage  in  the  case 
of  the  special  mixtures.  However,  the  percentage  of  inert  matter 
must  be  given. 

In  the  case  of  both  mixtures  and  special  mixtures  as  defined  above 
the  law  requires  a  statement  to  the  effect  that  '^such  seed  is  a 
mixture;"  and  also,  'Hhe  name  and  approximate  percentage  by 
weight  of  each  kind  of  agricult\u*al  seed  present*'  in  excess  of  5  per 
cent  or  more  of  the  total  mixture. 

the  label 

The  law  requires  each  lot  of  seed  to  carry  a  statement,  tag,  or 
label  giving  the  following  information: 

1.  The  commonly  accepted  name  of  such  seed. —  For  example, 
Dwarf  Essex  rape,  Canada  bluegrass,  and  Kentucky  bluegrass  must 
be  called  such  on  the  label  since  these  are  their  commonly  accepted 
names,  and  not  simply  rape  or  bluegrass.  The  kind  of  seed  must, 
therefore,  be  indicated.  Variety  and  sub-variety  names  are  not 
required,  but  if  named,  on  the  label,  as  the  vendor  may  elect,  they 
must  be  the  tme  variety  name,  otherwise,  the  seed  would  be  mia- 
branded  or  falsely  labeled.  As  an  illustration,  if  a  label  reads 
''yellow  sweet  clover*'  the  seed  must  be  of  that  variety  and  not  of 
another  variety  such  as  white  sweet  clover. 
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2.  Tho  approzinutto  p0fC6ntag0y  by  wri^Jiti  of  pcifUy*— A  stat^ 
ment  of  purity  ahows  tiie  amount  of  crop  seeds  of  the  kind  whioh 
the  label  indicates  as  compared  with  the  amount  of  weed  seeds  and 
inert  matter  present  and  must  be  oqmssed  in  terms  of  percentage 
by  wdg^t.  Purity,  then,  is  one  of  tiie  important  factors  which 
determines  quality  and  consequently  price. 

3.  The  percentage  of  weed  seeds. —  The  total  amount  of  weed 
seeds,  whether  noxious,  troublesome,  or  otherwise,  expressed  in  terms 
of  peroentag6i  must  be  stated  on  the  tag  or  label.  The  term  '  Veed 
seeds"  as  de&ied  in  the  law  doee  not  include  the  seeds  of  field  dope 
which  are  listed  in  the  law  as  ''agricultural  seeds."  Seeds  of  crop 
plants  of  agricultural  value,  which  occur  incid^xtally  or  thru  natural 
infestation  by  ripening  at  the  same  time  and  being  harvested  with 
the  crop  and  which  occur  in  any  sample  of  a  given  kind  of  seed, 
are  known  to  seed  analysts  and  the  seed  trade  as  ''other  crop  seeds," 
"foreign  seeds,"  "seeds  of  extraneous  crop  plants,"  and  "other 
crop  seeds  of  agricultural  value.''  A  distinction  should  be  clearly 
made,  therefore^  between  the  accidental  commercial  seeds  and  weed 
seeds  in  a  sample.  The  seed  law  does  not  require  that  the  percentage 
of  "other  crop  seeds"  or  of  accidental  commercial  seeds  be  stated, 
nevertheless,  it  should  be  clearly  understood  that  seed  testing  stations 
and  laboratories  in  making  purity  tests  of  a  lot  of  seed,  do  not,  as 
a  rule,  separate  and  express  in  separate  percentages  the  accidental 
commercial  seeds  and  the  weed  seeds.  It  is  often  of  great  importance 
that  the  percentages  of  other  crop  seeds  be  given  in  distinction 
from  weed  seeds  since,  in  many  cases,  they  are  of  equal  or  greater 
vahie  than  the  agricultural  seed  in  which  they  occtir. 

4.  The  name  of  each  kind  of  the  seeds  of  noxtous  weeds. —  The 
name  of  each  kind  of  noxbus  weed  present  must  be  stated  on  the 
label  when  it  occurs,  either  singly  or  collectively,  in  excess  of  1 
seed  in  eadi  5  grams  (about  onendxth  of  an  ounce)  of  small  seeds 
such  as  timothy,  clover,  and  alfalfa;  of  1  seed  in  eadi  25  grams 
(about  sixHsevenths  of  an  ounce)  of  millet,  rape,  and  seeds  of  like 
siae;  and  of  1  seed  in  each  100  grams  (about  8}  ounces)  of  oats, 
wheat,  vetch,  and  seeds  of  like  sizew  The  law  designates  four  lands 
of  weeds  as  noxious  in  this  State,  viz.  quack  grass,  wild  mustards, 
Canada  thistle,  and  dodders. 

The  sale  of  seeds  containing  these  noxious  weed  seeds  is  not 
prohibited,  but  it  is  required  that  the  label  or  tag  show  if  they 
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are  preeetki^  in  order  that  the  purohMer  may  a^oid  biqring  seeds 
oontaixuiig  them. 

5.  The  pefceatage  of  gcrmfaiatlon  togedier  with  the  mondi  and 
year  when  the  teat  was  made. —  With  respect  to  genoinatiaii,  tiie 
law  requires  that  two  very  important  facts  be  stated  on  the  tag 
or  label  on  all  lots  of  seeds  ezoq^t  ^'special  mixtures."  First,  tlie 
percentage  of  germination  or  tiie  percentage  of  seeds  ^idiidi  are 
alive  or  viable  and  which  will  sprout  or  germinate  within  the  normal 
number  of  days  must  be  indicated.  This  is  h^hly  essential  in 
determining  the  quality  and  actual  value  of  the  seed  for  seeding 
purposes  since  dead  seed  is  worthless  for  planting  and  is  deceptive 
in  determining  the  amount  of  seed  to  use.  Second,  the  date,  that  is, 
the  month  and  year,  when  the  test  was  made  must  be  given.  This 
second  item  is  essential  since  the  vitality  of  seeds  decreases  with  age, 
and  the  purchaser  can  readily  determine  from  the  tag  or  label  whether 
sufficient  time  has  elapsed  to  materially  affect  the  viability  of  the 
seed  under  normal  storage  conditions. 

6.  The  fun  name  and  address  of  the  vendor. —  The  label  must 
also  give  the  full  name  and  address  of  the  person  who  sells,  offers, 
or  exposes  for  sale  such  seeds. 

LABBUNO  mixtures 

Mixtures  of  alsike  clover  and  timothy,  alsike  and  white  clover, 
redtop  and  timothy,  and  alsike  and  red  clover,  when  in  lota  of  10 
pounds  or  more,  must  carry  a  tag  or  label  giving  essentiaUy  the 
same  information  required  for  the  unmixed  or  regular  run  of  agri- 
cultural seeds  except  that  the  tag  must  state  that  such  seed  is 
a  mixture,  and  must  also  give  the  approsdmate  percentage  by  weight 
of  each  kind  of  crop  seed  present  in  excess  of  5  per  cent  of  the 
total  mixtuse.  Also,  each  kind  of  the  above-defined  noxious  weed 
seeds  present  in  excess  of  1  in  eadi  15  grams  of  the  mixture  must 
be  named. 

LABBUMG  SPECIAL  UXTUBBS 

Special  mixtures  of  seeds,  such  as  golf,  pasture,  meadow,  and 
lawn  mixtures  when  sold,  offered,  or  exposed  for  sale  as  mixtures, 
in  packages  or  other  containers  of  8  ounces  or  more,  must  carry 
for  each  lot  a  tag  or  label  stating  (1)  that  such  seed  is  a  mixture. 
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(2)  the  name  of  each  kind  of  "  agricultural  aee4  "  present  in  the 
proportion  of  5  per  cent  or  more  of  the  total  mixtxu^,  (3)  the 
total  percentage  of  weed  seeds,  (4)  the  percentage  by  weight  of 
inert  matter  such  as  chaff,  sticks,  broken  stems,  sand,  etc.,  (5)  the 
name  of  each  kind  of  noxious  weed,  as  defined  on  page  313,  present 
in  excess  of  1  seed  in  each  16  grams  of  the  mixture,  and  (6)  the 
full  name  and  address  of  the  vendor  of  such  mixture. 

FOBM  AND  POSITION  OF  IiABBL 

The  law  does  not  require  any  particular  form  of  statement,  tag, 
or  label  except  that  it  must  convey  definite  information  plainly 
written  or  printed  in  the  English  language  as  set  forth  therein,  and 
must  be  placed  on  the  exterior  of  the  container.  If  the  eontainer 
is  a  bag  of  seed,  the  label  should  appear  on  the  outside  of  the  bag; 
if  it  is  a  barrel,  bin,  box,  or  package,  on  the  outside  of  the  container. 
The  intent  of  the  law  is  to  place  the  information  given  cm  the  label 
concerning  the  quality  of  the  seed  in  such  a  form  and  position  that 
it  is  accessible  to  the  purchaser  so  that  he  may  determine  at  a  glance, 
if  he  will,  what  the  seed  is  and,  therefore,  buy  on  his  own 
responsibility. 

The  tag  or  label  used  may  be  made  at  home  or  purchased.  It  may 
be  a  common  shipping  tag  such  as  seedsmen  already  have  on  hand, 
upon  which  the  required  iaformation  (the  seed  law  items)  is  written, 
printed,  or  rubber  stamped  on  one  side  and  the  address  of  the  seeds- 
man and  the  consignee  placed  on  the  reverse  side.  It  may  be  a  piece 
of  cardboard  or  heavy  paper,  providing  it  is  suitable  for  receiving 
and  displaying  the  written  or  printed  information  plainly;  or,  in 
case  of  a  box,  the  information  may  be  stencUed  or  printed  on  the 
front  side  or  on  the  outside  of  the  cover.  Current  commercial 
customs  of  seedsmen  have  established  a  style  or  type  of  shipping 
tag  which  is  being  used  on  most  of  the  fann  seeds  sold  under  the 
requirements  of  existing  seed  laws. 

The  following  tags  are  suggested  as  suitable  forms  to  use  for 
labeling  the  three  distinct  classes  of  seeds  provided  for  in  the  seed 
law,  namely:  (1)  the  general  run  of  unmixed  agricultural  seed, 
(2)  mixtures  of  two  kinds  of  seeds,  and  (3)  special  mixtures  of  agri- 
eultunU  seeds  which  usually  contain  two  or  more  kinds.    The 
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inf onnation  provided  for  on  these  tags  is  the  miniiiiiiin  required  by 
the  seed  law,  for  the  three  classes  of  seeds  in  order  that  they  may  be 
legally  placed  on  sale  or  sold.  The  vendor  or  seller  may  add  such 
other  infonnation  as  he  may  choose  to  be  responsible  for. 


Common  name. ^. 


Purity. ■■ percent 

Weed  seed& per  cent 

Noxious  weeds. ,•  ' ,    .,     ^ 

I      I  »»■■»■■■■■  li^^  .■■■  11 1 1 1  III  I        -  I     ■■■■■■■— r-rj»«.g.«»ri»»ii»Tr w 

la  esoen  of  1  seed  in  ipftrffind  taaon^ 

Germination .percent 

Date  of  test 


Fio.  16. —  A  FoBM  or  Tag  lUcoiaaNDKD  ior  Labxlino  UfnoxBD  Aobicultubai. 

SxBM  A8  PBB  Section  341  of  thb  Law. 


Mixture 
Common  name.. 


Weed  seeds. ^per  cent 

la  taaam  of  1  Med  ia  omIi  16  gtaais 

Germination. %. % 

Date  of  test 

Nama 


tmm^m^mm 


/r>' M  ^  *^T^I  1  -     ■«-T--H       I.HM 1-1--      I       11.1        -...^.■■1 


FM.  17. —  A  FoBM  OF  Tag  RBComoBNDKD  fob  Labsuno  Mixtubbs  of  Two  Kimbs 
OF  Agbicultubal  Sbboa  as  fbb  Sbction  342  of  thb  Law. 
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Special  Seed  Mixture 
Cominon  namei^,,.,-— ,^-^^^«, ,^,^,^>..-.-^,«. % 

—  ■■  ■■■■■■■■■■■■■■«■■»■■»  ^Q»»»»l  ■■■■■I  ■■■■■■■»»W»*»»»»p»— »»»■»«»»»»«»    /O 

%  or 


■  ■—■■■■»« 


■»—>»»*»»■  ■■  ■»<»»« 


lOfiTv  Tnivtwr.    I.  I.I — ■.■■«  ir 11- >■■■■  i.ip*^  coDt; 

O  Weed  seeds. ^ .per  cent 

Nosdous  weed  seeda 


■■■■■■■I 


In  Mowi  of  1  wed  In  eMh  15  gnuns 

AddiesBL 


»■■!  «   »— ■« 


Fio*  IS.— A  FoBM  OF  Tag  RBOOimaNDiD  vob  Labsldto  SrmciAL  Mixtubw  of 

AOBIOULTUSAL  SSSDB  AS  VBR  SsCnOH  343  OF  THB  LaW. 

A  careful  comparison  of  the  tags  illustrated  in  Figs.  16,  17,  and  18 
will  show  that  they  differ.  This  is  necessarily  so  since  the  label 
requirements  for  unmixed  seed  are  quite  different  from  those  for 
mixtures  or  special  mixtures.  If  the  seller  of  seeds  desires  a  general 
tag  or  label  for  universal  use  on  all  three  classes  of  seeds  sold  and 
one  which  will  comply  substantiaUy  with  all  the  label  requirements 
of  the  seed  law,  the  form  shown  in  Fig.  19  may  be  suggested. 

The  advantage  of  the  tag  shown  in  Fig.  19  lies  in  the  fact  that  this 
one  style  of  tag  can  be  used  for  all  classes  of  farm  seeds,  thereby 
eliminating  the  necessity  of  preparing  three  different  styles  for  the 
different  classes.  It  must  be  borne  in  mind,  however,  that  not  all 
the  label  information  contained  or  provided  for  on  this  tag  is  required 
for  any  one  of  the  three  particular  classes  of  seeds  designated  in 
the  text  of  the  seed  law.  Nevertheless,  in  many  cases  where  com* 
plete  tests  of  seeds  are  made,  as  they  should  and  must  be,  it  may 
be  less  trouble  to  supply  all  of  the  data  secured  as  a  result  of  the 
test,  rather  than  to  keep  in  mind  what  may  be  omitted  in  order 
to  have  that  particular  class  of  seed  properly  and  legally  labeled. 
The  blank  space  provided  below  the  conmion  name  is  to  be 
used  for  the  names  and  percentages  of  seeds  used  in  compounding 
mixtures  where  such  constitute  6  per  cent  or  more  by  weight  of  the 
total  mixture. 
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i 

•4^ 


09 

O 


^ 

I 
^ 


FOR 


CJounty. 


.Ou&t/6b. M_~....M..^..iM..^... 


FROM 

THE  BESTEVER  SEED  CX)MPANY 

SCOTTSVILLE 

NEW  YORK 


FXO.  iQ^-'FlROliT  AMD  RjBVSBSa  SlDS  or  GaVXBAI«  TaO  ok  LaBBL  SuIXABLB  fOA 
WITH  ALL  GlASSSS  07  SbXDS  LaBSLBD  UMDEB  THB  LaW. 


EXSMPnONS  FBOM  THE  SEED  LAW 

In  order  that  there  may  be  no  misunderstanding  as  to  the 
exemptions  from  the  provisions  of  the  seed  law,  the  text  of  the 
law  regarding  exemptions  is  hereby  quoted  in  italics  and  followed 
by  explanatory  notes. 

Section  344. —  Exemptions.  AgricuUural  seeds  or  mtxtures  of  same 
shall  be  exempt  from  the  provisions  of  (his  article: 

1.  When  exposed  for  ^ale  or  sold  for  food  or  feeding  purposes  only. — 
No  labels  are  required  under  the  seed  law  when  seeds  .are  sold, 
offered,  or  exposed  for  sale  for  food  or  feeding  purposes;  however, 
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jQst  80  soon  as  such  seeds  are  sold,  offered,  or  exposed  for  sale  for 
seeding  purposes  on  the  land  then  the  complete  label  must  be 
attached. 

2.  When  aoJd  to  be  recleaned  h^ore  being  sold  or  exposed  for  sale 
for  seeding  purposes. —  No  labels  are  required  when  seeds  are  sold 
to  elevator  men,  merchants,  seed  dealers,  etc.,  to  be  recleaned  before 
bdng  sold,  offered,  or  exposed  for  sale  for  seeding  purposes.  In  such 
cases  the  dealer  or  other  person  who  ledeans  the  seed  to  put  it  into 
salable  condition  for  planting  purposes  must  have  the  lot  tested  and 
must  completely  label  each  parcel  of  10  pounds  or  more  b^ore  it 
is  placed  on  sale  or  sold.  In  other  words,  any  fanner  can  sell  his 
seed  stocks  of  his  own  growing  to  any  merchant  to  be  redeaned 
without  the  necessity  of  labels;  however,  as  soon  as  he  takes  it  from 
his  farm  or  sends  it  by  common  carrier  to  another  for  seeding  purposes, 
then  he  becomes  a  vendor,  and  both  the  seller  and  the  seeds  are  sub* 
ject  to  aU  the  provisiaDs  of  the  seed  law. 

3.  When  hdd  for  Ihe  purpose  of  redeaning. — When  seeds  are  held 
in  0torag^  in  any  form  or  place  for  the  express  purpose  of  recleaning 
no  labds  are  required  until  the  seed  is  recleaned,  held  for  sale,  offered 
f<»r  sale,  or  sdd  for  seeding  purposesi  then  such  goods  must  have  the 
required  label  informaticm.     . 

4.  When  such  seeds  consist  ef  budcwheat,  barley,  oom,  oats,  rye, 
v^keat,  or  oOier  cereal  sold  by  the  grower  thereof  on  his  own  premises 
and  delivered  to  the  vendee  or  his  agent  or  representative  personaUy 
on  sudi  premises. — The  meaning  and  intent  of  this  exemption  is 
quite  dear,  making  it  possible  for  one  farmer  to  sell  his  seed  barley, 
buckwheat,  com,  oats,  rye,  wheat,  and  other  cereals  (that  is,  those 
grasses  which  are  grown  for  their  grain,  which  is  ground  into  flour) 
of  his  own  growing,  on  his  own  premises,  to  a  ndghboiing  f aimuer 
or  other  person  providing  he  personally  delivers  such  seeds  to  the 
'Vendee"  (the  buyer)  on  such  premises,  that  is  the  premises  of 
the  grower.  The  farmer  may  be  held  responsible  for  any  repre- 
sentations he  may  make  regarding  such  seeds.  It  should  be  dearly 
understood  that  none  of  the  grasses  or  dovers  with  smaller  seeds 
and  which  are  more  apt  to  be  fouled  with  weed  seeds  can  be  sold 
in  this  manner  for  planting  directly  <»  the  land.  [Furthermore,  no 
farmer,  grower,  or  any  other  person  can  Iq^ally  adl,  offer,  or  expose 
for  sale  seeds  for  seeding  purposes  either  of  his  own  growing  or 
farmer-bought  for  delivery  from  his  farm  or  premises,  dther  per- 
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aooaUy,  by  agent,  or  by  oommoQ  carrier  unless  such  lot  of  seed  ki 
less  than  10  pounds  in  weight  (8  ounces  of  special  nuxtures)i 
or  is  sold  to  be  recleaned,  or  is  fully  and  completely  tagged  with 
the  required  label  information.] 

THE  WOBD  '^APFBOXDIATB''  DSFENSD 

In  certain  of  the  provisions  of  the  law  when  a  percentage  statement 
is  required  the  word  ^'approximate"  appears  as  a  quiUifjnng  word 
before  percentage  composition  and  before  gennination.  The  use  of 
this  word  is  based  upon  the  fact  that  tests  for  purity  or  gennina- 
tion of  seeds  when  made  even  by  the  same  persouy  upon  samples 
taken  under  identical  conditions  and  circumstances  from  the  same 
lot  of  seed,  the  same  part  of  a  bag,  and  even  from  different  por- 
tions of  a  wdl  mixed  bulk,  will  always  vary  to  a  certain  extent.  In 
other  words  no  aoalysty  however  carefully  the  work  may  be  done, 
is  able,  except  by  chance,  to  get  the  same  results  each  time  a  test 
is  made.  CSertain  variations  are  expected  in  the  seed  and  allow- 
ances must  be  made  for  these  variatUMis.  The  allowances,  or  toler- 
ances, ¥^iich  may  be  permitted  imder  the  meaning  of  the  word 
ai^roximate  when  tests  made  in  the  State's  seed  testing  labora- 
tory are  compared  with  the  analysis  statements  on  the  tag,  are 
considered  under  a  definite  expression  or  formida  termed  the 
'^titude  of  variation"  or  "tolorance."  This  expression,  which  defines 
provisbnally  the  use  of  the  word  approximate,  and  its  manner 
of  application  will  be  found  on  page  d2S.  The  formula  given  was 
adopted  by  the  Association  of  Official  Seed  Analysts  of  North  America 
and  is  recommended  for  general  use. 

Every  purchaser  of  seeds  should  bear  these  facts  in  mind  when 
comparing  a  report  of  a  test  witii  the  analysb  statements  on  the  tag 
or  liJi>el  of  any  lot  of  seed  on  the  market. 

FARMBBS  NOT  BXBMPTBD  FROM  THB  8XBD  LAW 

Farmers  are  not  exempt  from  ihe  seed  law  except  as  provided 
for  in  subdivision  4  of  the  exemptions  discussed  on  page  828.  The 
farmer  should  not  be  and  is  not  fully  exempted  from  the  {Mrovisioiis 
of  the  seed  law  when  he  offers  for  sale  seeds  which  are  intended 
to  be  used  immediately  for  seeding  or  planting  purposes  without 
ftuther  cleaning.    His  S3cd  stocks  offered  for  sale  for  planting 
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purposes,  except  as  above  exempted,  are  subject  to  inspection  and 
retest  the  same  as  those  of  any  vendor  of  seeds,  and  his  premises 
are  also  subject  to  inspecticm  by  authorized  persons  when  there  is 
reason  to  believe  that  the  provisions  of  the  seed  law  are  being  violated . 
He  has  not  asked  to  be  exempted  and  does  not  care  to  be  since  he 
has  need  of  a  strict  seed  law  every  time  he  purchases  seeds  for  plant- 
ingy  whether  of  a  dealer  or  of  a  neighbor.  Seed  laws  which  fully 
exempt  the  farmer  have  been  found  unconstitutional  in  other  states. 
The  careful,  thrifty  farmer  demands,  and  rightly  so,  all  the  infor- 
mation about  his  contemplated  seed  purchase  that  is  required  to 
be  given  by  the  seed  law.  If  a  farmer,  who  is  the  grower  thereof, 
desires  to  sell  certain  kinds  of  seeds  to  a  neighbor  without  any  htbel 
or  quality  information,  and  both  care  to  deal  in  that  manner,  then 
they  alone  are  responsible,  the  one  for  obtaining  fuU  price  value 
fcr  his  goods  and  the  other  for  the  noxious  and  troublesome  weeds 
be  may  get  along  with  seed  of  possibly  low  or  unknown  germination. 

SEED  INSPECTION  AND  LAW  ENFORCEMENT 

Hie  seed  law,  being  an  article  of  the  State  agricultural  law,  pro- 
vides for  the  unobstructed  inspection  of  any  lot  of  seed  in  any  place 
or  upon  any  premises,  the  authorized  representatives  or  agents  of 
the  Commissioner  of  Agriculture  having  access  at  all  reasonable 
hours  to  such  premises.  Samples  of  seeds,  properly  drawn  according 
to  the  rules  for  sampling  seeds,  may  be  taken  in  duplicate  for  the 
express  purpose!  of  examination,  analysis,  or  test.  Such  tests  are 
reported  to  the  Commissioner  of  Agriculture  who  is  empowered  to 
administer  the  law  in  case  he  has  reason  to  believe  that  its  pro- 
visions have  been  violated. 

BJBSaVrB  09  TESTS  MAT  BE  PUBLISHED 

Hie  law  provides  for  the  publication  from  time  to  time  of  the 
results  of  the  analyses  or  tests  of  samples  of  seeds  procured  on  the 
maricet.  This  is  done  in  order  that  the  purchaser  may  study  and 
compare  the  seed  dealers'  promises  and  performances  from  year 
to  year.  Additional  information  regarding  the  general  ccmdition  of 
the  qiiality  of  seeds  and  the  seed  trade  may  alpo  be  published  with 
these  rep<nrts  if  deemed  necessary. 
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how  a  fabmer  mat  sell  seeds 

A  fanner  ^dio  is  a  grower  of  seeds  and  desires  to  sell  them  for 
seeding  purposes  may  do  so  in  a  nimiber  of  differ^it  wajrs. 

1.  He  may  sell  any  seeds  to  anTone,  anywheiie,  for  use  for  food 
without  labeb,  or  for  seediag  purposes  when  in  less  tiian  10-pound 
lots. 

2.  He  may  sell,  ship,  or  deliver  field  seeds  to  any  mercdiant  or 
general  maiket  to  be  redeaned  or  graded  brfore  being  (^eied  for 
sale  for  seeding,  just  as  he  has  always  done. 

3.  He  may  sell  buckwheat,  barley,  com,  oats,  rye,  and  wheat 
seed  or  other  cereal  of  his  own  growing  to  any  person  providing  ^^ 
seed  is  delivered  personally  to  the  buyer  or  his  representative  upon 
the  premises  of  the  grower. 

4.  He  may  sell  any  kind  of  seed  for  seeding  purposes  to  anyone, 
anywhere,  either  to  be  delivered  personaUy  or  shipped  thru  a  common 
carrier  providing  he  has  either  tested  such  seed,  or  has  had  a  test 
made,  as  he  should  do,  and  has  fully  labeled  each  lot. 

HOW  A  FARMER  MAY  BUY  SEED 

The  law  does  not  forbid  any  person  from  buying  the  cheapest 
and  foulest  seed  upon  the  market  or  dead  and  trashy  seed,  if  he 
cares  to  do  so,  nor  does  it  shield  him  from  his  folly  if  he  now  buys 
seeds  carelessly  and  without  taking  f uU  advantage  of  the  protection 
afforded  by  the  seed  law.  Every  lot  of  seed  upon  the  market  in 
this  State  must  be  fully  labeled,  and  no  farmer  should  accept  such 
seed  until  he  has  made  an  examination  of  the  statements  on  the  tag 
or  label.  In  case  these  statements  are  not  given  he  should  insist 
upon  receiving  such  quality  information  as  required  by  law  and 
should  promptly  report  to  the  Ck)mmissioner  of  Agriculture  at 
Albany  any  persons  or  dealers  who  are  violating  the  seed  law  or 
ignoring  its  provisions. 

The  most  important  consideration  which  the  farmer  can  poa&lty 
give  to  seed  purchases  is  in  the  matter  of  the  grade  of  seed.  When 
a  tag  or  label  bears  a  statement  that  the  seed  is  above  99  per  ooit 
pure,  and  since  the  farmer  can  find  out,  if  he  will,  wheihet  fiueh 
a  statanent  is  true,  he  may  be  sure  that  he  is  buying  fairiy  saiely. 
However,  when  he  buys  seed  which  is  labeled  with  a  low  peroeAtage 
of  purity,  he  may  be  certain  that  he  is  thither  bujring  dirt  at  seed  {Miees^ 
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or  else  is  getting  a  grand  airay  of  weed  seeds  whieh  wiU  most  certainly 
bring  him  a  huge  expense  bill  in  the  form  of  eradioatioQ  effort  for 
years  to  come.  Usually  a  low  purity  guaranty  means  cheap,  but 
really  costly,  seed;  and  dieap  seed,  Kke  cheap  fertiliser,  is  alwasrs 
eqMinfiiye.  This  is  necessarily  so  since  the  competition  on  the 
seed  maricet  is  so  keen  that  seed  grades  are  based  very  nearly  on 
their  actual  vahie.  There  are  no  baiigains  in  the  seed  maricet  because 
cheap  seed  is  cheap  for  the  reason  that  it  is  poor  in  quality,  and  any 
farmer  who  buys  dieap  seed  in  order  to  save  money  is  like  the  man 
who  stops  the  hands  of  the  clock  to  save  time  —  there  is  no  saving, 
likewise,  any  farmer  or  grower  who  produces  foid  and  dirty  seed 
cannot  ocpect  a  dealer  to  pay  a  hi|^  market  price  if  he  is  forced 
to  spmd  time  and  money  in  cleaning  out  dirt  and  inert  matter, 
weed  seeds,  and  the  light  trashy  stuff  that  nearly  always  remains 
in  seed  when  threshed. 

Finally,  the  farmer  should  buy  good  seed  of  a  desired  and  known 
kind  or  variety,  fully  and  completely  labeled.  He  should  grasp  the 
idea  that  purchased  weed  seeds  and  inert  matter  are  highly  expulsive; 
furthennore,  that  buying  ''cheap  seeds"  carelessly,  absolutely 
prevents  one  from  having  any  control  of  the  weeds  upon  the  farm. 
On  and  after  July  1,  1920,  if  will  pay  every  New  York  farmer 
to  buy  his  farm  seeds  of  the  local  dealer,  retailer,  or  State  whole- 
saler, since  they  will  sdl  thdir  grades  of  seed  imder  an  honest  and 
correct  label  as  required  by  the  State  law.  On  the  other  hand, 
if  a  farmer  sends  outside  the  State  for  his  seed  he  buys  at  his  own 
peril  because  the  out-state  dealer  sends  seeds  into  this  State  under 
the  freedom  of  interstate  commerce  and  isknmtme  tolocal  prosecution 
except  where  contract  of  sale  is  made  within  the  State.  State  laws 
do  not  regulate  interstate  commerce,  consequently  the  only  pro- 
tection for  the  farmer  who  sends  for  seeds  outside  the  State  is  the 
reliability  of  the  house  with  which  he  deals. 

PUBCHASEBS  MAT  HAVE  SBSDS  TBeTlO) 

Anyone  who  purchases  seeds  for  his  own  planting  purposes  may 
have  them  tested  free  of  charge  according  to  the  rules  and  regulations 
for  seed  testing  adopted  by  the  Station  officials  as  given  on  page  26. 
However,  no  person  should  send  sam^es  tcft  testing  until  he  is 
familiar  with  the  rules  for  tiie  stnding  of  such  samples.    Since  the 
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seed  law  is  primarily  a  labeling  law  it  should  be  ^itirely  possible 
for  the  purchaser  to  rdy  quite  largely  upon  the  label  statements 
found  upon  the  lots  of  seed  in  the  hands  of  the  local  dealer  or  other 
persons  favorably  knoiim  to  the  purchaser.  Plainly  it  should  not 
be  the  function  of  the  Station  seed  laboratory  to  be  continually 
retesting  labeled  goods  or  recogniased  brands  or  lots  of  seeds  found 
upon  the  market  when  there  is  no  evidence  to  show  that  such  label 
statements  are  incorrect,  or  where  the  date  of  the  germination  test 
does  not  show  sufficient  time  to  have  elapsed  to  effect  materially 
the  germinative  abihty  of  the  seeds. 

If,  in  any  case,  the  purchaser  of  seeds  has  good  and  sufficient 
reason  to  believe  that  the  label  markingB  are  not  true  statements 
of  facts  concerning  the  seed,  or  that  sufficient  time,  as  shown  by  the 
date  of  the  test,  has  elapsed  to  effect  materially  the  viabiUty  of  the 
seed,  he  may  have  them  tested  free  of  charge  according  to  Rule  8, 
page  335* 

Samples  sent  in  for  testing  will  be  reported  upon  strictly  in  the 
order  ia  which  they  are  received.  The  report  will  include  a  statement 
of  the  purity  of  the  sample,  that  is,  it  will  give  the  percentage  of 
pure  seed,  the  percentage  of  weed  seeds,  the  percenta|;e  and  char- 
acter of  the  inert  matter,  and  the  number  per  pound  of  crop  seed  of 
noxious  weed  seeds  present. 

The  percentage  of  germination,  or  the  number  of  seeds  per  100 
selected  just  as  they  come  which  will  sprout  in  the  normal  number 
of  days,  will  be  stated  on  the  report  if  a  germination  test  is  requested. 
The  percentage  of  hard  seeds,  that  is,  those  seeds  which  remain  hard 
(having  neither  sprouted,  swollen,  nor  decayed)  at  the  end  of  the 
test  period  wiU  also  be  given. 

When  it  seems  to  the  interest  of  the  farmer  or  purchaser  to  do  so, 
some  additional  remarks  or  comments  as  to  the  condition  or  quality 
of  the  seed  will  be  made  upon  the  report. 

DXTTIES  of  the  SiafiD  WHOLESALER,  RETAILER,  AND  DEALER 

Under  the  new  seed  law  every  retailer,  dealer,  implement  dealisr, 
or  hardware  or  groceryman  who  sells  seed  is  absolutely  required  to 
see  to  it  that  every  lot  of  agricultural  seed  of  10  pounds  or  more 
sold,  offered,  or  exposed  for  sale  in  his  store  shall  be  correctly  labded 
or  tagged.    Therefore,  the  retail  seedsman  should  insist  that  the 
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wholesaler  label  his  goods  under  the  New  York  law,  sinoe  if  he  is 
a  New  York  wholesaler  he  can  be  held  responsible  for  his  unopened 
original  bag  of  seed  in  the  retail  store.  The  local  retailer  or  dealer 
should  provide  himself  with  blank  or  form  labels  upon  which 
he  can  either  print,  stencil,  rubber^amp,  typewrite,  or  write  out 
the  information  required  by  the  ^.seed  law  in  case  his  sales  are  not 
the  unopened  and  original  bags  of  seed  bearing  the  wholesalers' 
label  made  out  completely  as  to  the  New  York  seed  law  requirements. 
Forms  of  such  tags  are  given  on  page  316.  In  either  case,  the 
retailer  must  place  the  moral  reqx>nsibility  upon  the  wholesaler 
or  upon  himself  as  the  case  may  be.  The  retiuler  alone  is  responsible 
for  unlabeled  farmer-bought,  or  for  unlabeled  and  untested  seeds 
from  outside  the  State.  He  must  have  such  seeds  tested  and  cor- 
rectly label  them.  The  local  merchant,  in  any  case,  is  personally 
responsible  for  the  absence  of  the  legal  tag  on  any  sale  of  farm 
seeds  of  10  poimds  or  more.  Conditions  and  rules  imder  which 
such  seeds  are  tested  are  given  on  page  334. 

SEED  TESTING 

OBJECT  OF  SSSO)  TESTING 

The  object  in  testing  any  particular  lot  of  seed  is  to  determine, 
as  nearly  as  possible,  before  the  seed  is  planted,  the  productivity 
of  a  given  lot.  The  seed  itself  is  considered  one  of  the  very  important 
factors  in  crop  production.  At  least  two  qualities  (purity  and  germi- 
nation) or  more,  which  influence  the  value  of  a  crop,  may  be  definitely 
determined  by  testing.  Therefore,  it  cannot  be  too  strongly  urged 
that  farmers,  both  in  their  own  interests  and  in  the  interests  of 
national  food  production,  send  samples  of  all  seeds  of  unknown 
or  doubtful  quality  to  be  tested  some  time  before  they  sow  them. 

METHOD  OF  SEED  TESTING 

Tlie  Ckimmissioner  of  Agriculture,  who  is  ^tnpowered  to  make 
such  rules  and  regulations  as  are  necessary  to  secure  the  efficient 
enforoement  of  the  seed  law,  has  provided  that  for  all  seed  testing 
done  under  the  new  seed  law  the  ''Rules  for  Seed  Testing"  recom- 
mended and  followed  by  the  Association  of  Official  Seed  Analysts 
of  North  America  shall  be  used.  This  rule  having  been  established, 
the  rules  for  seed  testmg  in  vogue  by  the  above  named  association 
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win  be  used  by  the  seed  teBting  laboratory  at  this  Statioti.  In  otukr 
to  prevent  exceeedve  variation  due  to  differoat  mettiodB  of  testing 
it  is  recommended  that  seedsmen  and  others  doing  their  own  testing 
employ  the  rules  and  methods  adopted  by  the  State  seed  testing 
laboratory  as  printed  below. 

RULES  FOB  SEED  TBBTINQ  ^ 


TAkiiigol8«iii.plii 

Future  to  lemire  NpnaeaUtive  wmplM  ii  one  of  the  moit  oommoii  ommm  of 
variation  in  teete  of  ieed.    The  foUowing  direotioos  for  Mwyifag  are  reooBUDended. 

1.  The  tnifiimnm  weight  of  seed  forwarded  for  teit  ■houkl  be  approximately: 

(gi  one  oonoe  of  gran  seed  of  any  kind  or  of  white  and  al(rike  doret; 

cb)  two  onnoee  of  red  and  crimson  dover,  atfalfa,  millet,  iax,  or  seed  of  like 

(o)  one4talf  pound  of  oereale  or  seed  of  like  sise. 

%  SamphB  muit  be  drawn  so  that  they  will  represent  as  aoswatdy  as 
the  bulk  lot  from  which  they  are  taken.    They  may  be  drawn: 

(a)  iHtii  seed  triers  which  must  be  long  enmii^  to  extend  at  least  three  inches  into 
the  bag;  er, 

(b)  with  k>ng  stickers  which,  when  used  for  bagi,  will  be  extended  from  the  top 
toward  the  bottom  near  the  center;  or, 

(e)  by  hand,  according  to  the  circumstances  described  below. 

3.  Closed  bagi  <^  clovers,  grasses,  and  other  snuU  seeds  may  be  Mmpled: 

(a)  with  a  SMd  trier,  taking  approximately  equal  parts  from  near  the  top,  near  the 
middle,  and  near  the  bottom;  or 

(b)  with  a  k>ng  sticker. 

4.  Open  bags,  full  or  nearly  so,  may  be  sampled: 

(a)  by  taking  approximate^  one-third  of  the  sample  firom  the  top  of  f3ie  bag  fay 
hand  or  wMi  a  seed  trier,  ane4hird  from  near  the  middle,  and  one  thiwi  fr«m  nsar  Hie 
bottom  with  a  seed  trier;  or, 

(b)  with  a  long  sticker. 

£.  Bagi  partly  estptied  may  be  sampM: 

(a)  with  a  kwg  sticker; 

(b)  by  dumping  out  contents  and  mixing  before  samfJIng. 
e.  Sacks  of  grain  or  other  Urge  seeds  may  be  sampled: 

(a)  with  a  k>ng  stidcer;  or, 

(b)  by  hand,  taking  approximately  equal  parts  of  the  sample  from  at  least  tfnee 
differait  pkoes  in  the  sack,  including  the  top  and  opposite  aides  as  near  the  bottom 
as  practicable. 

7.  If  a  bag  full  or  nearly  so  is  to  be  sampled  and  no  seed  trier  or  sticker  Is  aTaflafale* 
the  contents  may  be  emptied  out  and  approximatdiy  equal  parts  taken  from  at  least 
three  plaoes  in  the  pHe,  top,  center,  and  edge. 

8.  Any  seed  loose  in  boxes,  barrels,  bins,  cars,  or  other  receptacle  may  be  siwiplsd 
bjr  taking  approximately  equal  parts  from  at  least  three  different  plaess  fay  band* 
the  top,  center,  and  edge,  or  with  a  long  sticker  as  circumstances  may  reouira. 

9.  IWd.  root,  garden  vegetable,  or  otiier  seeds  in  csrton  boxes  or  paper  tiags  may 
be  nmpled  by  emptyii^  oat  the  contents  and  taking  seed  from  at  least  ttsee  different 
plaoesto makeup theaample.  With paperpacketseedsthe  whole  packagesheukibeaent. 

10.  If  the  seed  drawn  from  different  parts  of  a  lot  is  in  excess  of  the  amomit  feqiiired 
lor  a  nunple,  it  must  be  tfaosoly  mined  before  the  sample  to  be  sent  fei 
Is  taken  from  it. 


1  Recommended  by  the  Association  of  Oflknal  Seed  Analysts  of  North  Ameriea  at 
its  10th  Annual  meeting  held  at  Detroit,  Michigan,  June,  1917.    Revised  Jan.  1919. 
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11.  flMnpfai  ihoiild  be  dnwn  fttvm  each  bag  wImh  there  are  not  more  thftn  five 
be0i  in  the  lot,  from  every  fifth  bag  when  there  are  more  than  five  bags,  bat  never 
from  km  timn  five  baei.  Eaeh  sample  so  drawn  may  be  kept  aeiMrftte  and  givea  % 
jfigTiiflnn  mnffir  (saeh  asn,  b,  e,  ete.)  or  oombinA  ptopo^taoDately  into  one  oomposite 
sample. 

Li^t 

Teetfaig  seedi  for  menhanieal  purity  requires  the  eoiMifauii  we  of  the  ores  in  dis- 
ftmpiMhmp  seeds  by  their  eKtemal  oharaotsrs.  In  order  that  this  work  may  be  done 
with  the  feast  poatdble  eyestrain  and  the  peaiest  oomCort  to  the  worksr,  a  uniform 
souroe  of  B^t  witiliout  direct  sunahine  or  sltadows  is  reqpiired.  This  is  bast  obtamed 
at  kboratocy  tables  in  front  of  north  windows  with  the  workwa  fadng  the  wiodQiiiiL 

Amount  of  Seed  Used 

AB  purity  testa  should  be  made  by  wei^  from  smalkr  loto  taken  horn  the  aunpleB 
sobaahted.  The  minimiim  quantities  used  should  be  not  less  than  those  given  bdow 
and  should  be  taken  from  the  sample  submitted  for  test  by  use  of  a  meohanieal  misrer 
and  sampkr.  The  sample  should  be  r^|Matedly  divided  with  the  mixer  and  samfder 
until  approximiMfceiy  the  amount  required  for  the  test  b  obtained.  The  whole  of  this 
should  then  be  used  for  the  test  making  the  sampling  entire^  meehanieal. 

When  the  analysis  indioates  that  a  kw  k  vwhited  or  that  the  kbeling  is  faMoneet  a 
duplieaie  test  sivy^M  be  madet 

(a)  One  ^rosi:    Agmiia  spp.»  Poa  spp.,  yellow  oat  grass,  tobaeoo. 

(b)  Two  gram$:  Bermuda  grass,  velvet  grass,  timothy,  meadow  foztafi,  erested 
dog'a  tail,  orehard  grass,  sweet  vernal  grass,  aUke  etover,  white  clover,  (/MeS^erae, 
and  an  the  f eseues  except  meadow  fescue. 

(c)  ^tse  ^roNis:  All  grass  seeds  not  enumented  elsei^sre,  together  with  MMotus 
flpp.,  MMoaga  spp.,  Leapedma  m.,  millet  (CAostedUoa  ttaKoa),  lettuce,  and  aU 
clovers  eamopt  white  and  afaike  i^™  crimson. 

(d)  Ttn  grama:    Crueiferoe  and  flax,  crimson  clever,  millet  (iVmieiMfi  mfHiauum), 

(e)  Fiflff  grmmK  Buckwheat,  Fieia  ipp.,  LaOnf/rvM  ap/p.^  beet  ''balls,"  esparoet, 
lentfls,  flonflower,  teosinte,  serradeUa,  vine  seeds,  ud  all  cereals  except  cc»n. 

(f)  Fwe  kiaidnd  grmma:    Peas,  beans,  white  lufune,  eowpeas,  ootton,  and  com. 
Amounts  to  be  taken  of  seeds  not  enumerated  should  be  the  same  as  those  requned 

for  seeds  named  whieh  are  of  sknikr  sise. 

The  determinatkm  of  the  number  of  seeds  of  the  individual  noxious  weed  seeds 
Gnelndittg  dodder)  psr  unit  weighs  ohould  bemade  on  the  entfre  saomleor  the  following 
minimum  quantities  for  the  various  classes  of  seeds,  unless  move  than  five  are  found 
in  the  pQrtkm  previously  esamined: 

(a)  25  gms.    (b)  50  gms.    (c)  50  gms.    (d)  fiO  gms.    (•)  260  gsM.    (f)  600  gms. 

Method  of  Teal6« 

Whsn  the  flnallBr  average  lot  has  bssn  weighed,  it  should  he  separated;  either  by 
hand  or  mechanically  and  by  hand,  into  4  parte:  pure  ssed^  inert  matter,  seeds  of  other 
enltivated  plants,  and  weed  seeds.  After  separation  has  been  made  into  these  four 
eomponent  parts,  the  pereentage  hy  weight  of  eaeh  should  be  determined  and  recorded. 

1^  cases  where  the  reports  issued  require  only  a  statement  of  the  kinds  and  number 
for  a  given  weight  of  weed  seeds  ot  other  impurities  without  a  percentage  of  purity 
determination  ^  method  may  be  varied  accordingly. 

Pwreaeed:  Seed  of  the  ktod  being  examined.  All  seeds  of  the  kind  being  examined 
should  be  considered  pure  seed  without  respect  to  their  apparent  condition,  wheUier 
shriveled,  cracked,  or  otherwise  injured,  except  that  in  the  case  of  cracked  seeds,  any 
piece  boger  than  one^ialf  should  ba  considered  as  a  pure  seed,  and  pieces  one  hstf  or 
less  riiould  be  considered  as  inert  matter  except,  further,  that,  decorticated  sseds  ef 
red  and  crimson  clover  and  cracked  seeds  of  sorghum  should  be  coneadflred  imrt 


/fieri  maflBr:    Broken  seeds,  one-half  or  leas  and  decorticated  legumineus  sseds, 
dirt,  stones^  ehaff,  and  any  other  m&tixT  not  seeds.    In  testing  grass  seeds,  empty 
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dumeB  should  be  considered  pB  inert  matter  and  only  cfanaes  oonteininK  caiTDpsei 
(graina)  considered  as  pure  seeds.  The  presenoe  or  absence  of  oaryopsee  may  bo 
determined  by  pressing  each  gfhime  between  forceps  or  between  the  finger  nail  and  the 
table,  or  with  transmitted  li^t  by  means  of  the  minor  box.  Sterile  ^umes  of  giasB 
seeds  to  be  separated  from  fertile  glumes  and  put  with  inert  matter. 

Seeds  of  other  culiwated  plants:  The  seeds  of  other  cultivated  planti  ahouki  be 
separated  and  identified,  the  total  peroentage  by  weight  determined,  and  the  number 
or  weight  of  each  kind  recorded. 

Weed  seeds:  Seeds  of  weeds  should  be  separated  and  identified,  the  total  peroentsge 
by  weight  determined  and  the  number  or  weight  of  each  kind  recorded. 

AduUerated  samples:  As  seeds  used  as  adulterants  usually  doaely  resemble  the 
seed  with  which  they  are  mixed,  the  making  of  purity  tests  of  adulterated  samples  by 
the  above  metiiod  is  sbw  and  tedious,  and  the  foUowing  shorter  method  is  permitted: 
After  the  smaller  average  lot  has  been  weighed  out,  separate  the  seed  into  four  parts: 
(1)  Pure  seed  and  adulterants;  (2)  inert  matter;  (3)  seeds  of  other  cultivated  plsnts; 
(4)  weed  seeds.  From  the  mixture  of  pure  seed  and  adulterants,  count  out  500  spede 
indiscriminately  and  separate  the  adulterants  Irom  the  pure  seed.  The  peroentage 
of  eac^  may  be  determined  bv  their  proportional  niuiber  if  seeds  of  adulterants  and 
pure  seed  are  of  approximately  the  same  weight  but  the  determination  is  preferably 
made  by  weight  in  all  oases. 

Latiiwie  of  variaUon:  The  foUowing  method  shall  be  followed  in  determining  the 
latitude  of  variation  in  any  one  of  the  four  component  parts  into  which  a  sample  \a 
separated  in  making  a  purity  test  and  in  determining  the  proportion  of  adultersnta 
present.  For  each  determination  the  sample  shall  be  considered  as  made  up  of  two 
parts  (1)  the  element  being  oonsidered  and  (2)  the  balanoeof  the  sample.  In  determin- 
ing the  tolerance  for  weed  seeds^  the  sample  shaU  be  considered  as  being  made  up  of 
two  parts  (1)  weeds  seeds  and  (2)  everything  not  weed  seeds.  In  determining  the 
tolerance  for  inert  matter,  the  sample  shall  be  oonsidered  as  being  made  up  of  two  parts 
(1)  inert  matter  and  (2)  everything  not  inert  matter.  In  determining  the  tolerance  for 
seeds  of  other  cultivated  plantSt  the  sample  shall  be  considered  as  being  made  up  of  two 
parts  (1)  seeds  of  other  cultivated  plants  and  (2)  everything  not  seeds  of  other  culti- 
vated plants.  In  determining  the  tolerance  for  ptirs  seed,  the  sampto  shall  be  con- 
sidered as  beiiig  made  up  of  two  parts  (1)  pure  teed  and  (2)  everything  not  pure  seed. 

The  tolerance  allowed  shall  be  in  the  case  of  pure  seed,  weed  seeds,  inert  matter,  and 
seeds  of  other  cultivated  plants,  two-tenths  of  1  per  cent  plus  20  per  cent  of  the 
lesser  part 

With  samples  of  seed  labeled  with  a  guanateed  percentage  germinatkm  the  maxi- 
mum latitude  within  which  the  stated  peroentage  germination  mar  be  conndered  as 
correct  shall  be  the  same  as  the  allowable  variation  between  duplicate  germination 
tests  defined  in  Table  I  herein. 

anunNAnoN  twib 

The  following  methods  for  making  germination  tests  are  not  made  offidal  bat  are 
recommended  by  the  Association: 

Seed  Used,  Source,  and  Quantity 

In  making  germination  tests  the  entire  amount  of  pure  seed  obtained  m  making 
purity  test  lAould  be  thoroly  mixed  and  100  seeds,  or  200,  according  to  sase,  afaould 
be  taken  indiscriminately  for  each  of  the  duplicate  tests. 

Duplicate  Tests  and  AUowable  Variation 

.  Qerndnation  tests  should  be  made  in  duplicate  simultaneously  under  identical 
conditions,  preferably  in  separate  germinating  chambers,  and  the  average  percentage 
of  germination  of  the  duplicates  should  be  recorded  on  the  record  sheet  If  the 
dupKcate  tests  vary  more  than  the  percentage  provided  below  a  retest  should  be  made 
and  a  supplementary  test  in  sand  or  soil  is  also  reoonunended. 
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Tabu    L — Allowablb  Vamatwmi  ifriiMii  Dufuoais  GanaxAnxnr  Tw&ok 


FftBoumACtt  ov  oasmHATioN 

FlBcnNTAca 

OF 

ALLOWABUB 

TABIATION 

00  or  over 

6 

90  or  ovw  And  l«iw  tliAn  90 

7 

7D  or  ovflr  and  leas  thAn  80 

8 

60  or  ovw  and  Iwii  thAn  70 

9 

50  or  over  and  leas  than  00 

10 

40  or  OTW  and  hm  than  -60 

10 

90  or  OYW  and  Iflm  than  40 

9 

20  or  ovflr  and  l^flw  than  30 

8 

10  or  over  and  1f»iii  than  20 

7 

0  or  ov<Br  and  l^m  than  10 

6 

A  fetaat  ■hoald  ahraji  be  made  when  there  k  evidenoe  of  poor  germination  at  the 
time  of  maVing  the  fint  eount.  It  ie  aleo  reeommended  that  retesta  be  made  aimul- 
JKuramiy  with  a  test  of  a  aample  which  is  known  to  germinate  well. 

Subetratam  or  Seed-bed 

CkmHh$r  Uttu  Two  kinds  of  sabatrata  flhoald  be  used  for  chamber  tests:  (1)  Canton 
flannel  of  medium  weight,  cut  in  strips  8  by  32  inches  and  folded  twice  lengthwise. 
should  be  used  for  peas,  beans,  com,  lupines,  cotton,  cowpeas,  and  other  seeds  of 
similar  sise.  (2)  Blue  blotting  paper,  120  pounds  to  the  ream,  free  from  injurious 
rVtniffft'f  and  water  soluble  dye,  cut  in  strips  6  by  19  inches  and  folded  twice 
lengthwise,  should  be  used  for  all  small  seeds.  Blotting  paper  should  be  used 
only  once. 

The  hea  jar  meAod:    Bhie  bbtting  paper. 

Dai^hi  germinaUir:  Blotting  pap^.  poms  clay  dishes,  sand,  and  soil  are  used  as 
substrata  in  testing  seeds  in  the  dayU^kt  germinator. 

iSond  tefft:  The  sand  used  should  be  free  from  organic  matter,  sifted  to  a  uniform 
sise  of  approximately  1  mm.  and  aterilised  by  steam. 

SoUietU:  The  soil  used  should  be  composed  of  loam,  sand,  andleaf  mould  in  propor- 
tiona  to  give  a  light  soil  with  good  moisture  holding  capacity,  sifted  to  remove  all 
eoarM  material,  and  sterilised  by  steam. 

Placing  teed  in  eubetrala:  All  seeds  should  be  placed  far  enou|^  apart  to  avoid 
eontaet  during  the  process  of  germination. 

Chamber  and  hdl  jar  teste;  Seedaol  AgroeUe  epp,,  Poa  app,,  timothy,  tobacco,  and 
others  oi  similar  sise  should  be  placed  on  top  of  blotters.  All  the  larger  seeds  should 
be  placed  between  the  folds  of  bbtting  paper  or  doth. 

Dai^igkt  germnatar:  All  small  seeds  should  be  placed  on  top  of  blotters,  sand, 
poros  day  dishes,  or  soil. 

Sand  and  eoU  teste:  Seeds  of  AgroeHe  epp.,  Poa  epp.,  timothy,  tobacco,  and  others 
of  ■mOar  sise  should  be  sown  on  the  surface  and  the  tightest  possible  covering  of  sand 
given  them.  All  the  larger  seeds  should  be  planted  at  depths  about  equal  to  twice 
their  greatest  diameter. 

Moisture 

The  blotting  paper,  filter  paper,  doth,  sand,  or  sofl  used  as  a  substratum  should 
be  kept  well  moistened,  but  not  saturated,  during  the  time  of  germination  test.  In 
aaad  tests,  the  flats  should  be  shaded  from  the  diraot  rays  of  the  sun  to  prevent  rapid 
evipoiatioii  from  the  surfsce  and  consequent  drjring  out  of  the  surface.    Moisture 
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ahould  be  supplied  by  MibiRiKation.  Unifona  reeuto  can  not  be  obtained  if  the 
flats  are  ezpoaed  to  the  direct  sun,  or  the  surfaoe  k  washed  as  is  the  ease  when  watered 
from  a  hose  or  QirinkliDg  pot. 

Altsmatinc  Tempsntuns 

Chancer  ieste:  When  alternating  temperatures  are  used  the  seeds  should  be  kept 
at  the  lower  temperature  for  approximately  18  hours  and  at  the  higher  tempera- 
ture for  approximatdy  6  hours  eadi  day. 

Sand  (eate;  All  sand  tests  should  be  made  in  a  room  or  greenhouse  where  the 
temperature  is  as  nearly  as  possible  that  used  for  ineubator  tests  of  the  same  IdndB  of 


Counting  Sprouts 

LighX  germinator,  cKamber  and  heU  jar  tuis:  The  sprouted  seeds  should  be  eonnted 
and  removed  as  nearly  as  possible  as  follows: 

On  2nd  and  4th  days  for  4  day  tests 
drd  and  5th  days  for  5  day  tests 
3rd  and  6th  days  for  6  day  tests 
4th  and  8th  days  for  8  day  tests 
5th  and  10th  days  for  10  day  tests 
6tiL,  10th,  and  14th  days  for  14  day  tests 
7th,  Hth,  and  21st  days  for  21  day  tests 
7th,  14th«  21st,  and  28th  days  for  28  day  tests 

Seeds  of  Leguminosae  should  not  be  oonsidered  germinated  when  both  cotyledoiu 
break  off. 

Sand  and  wU  teif ;  Only  those  sprouts  should  be  counted  which  appear  above  the 
surface  of  the  sand  or  scul.  The  sprouts  should  not  be  removed  at  the  tune  of  maknig 
the  preliminary  report. 

Supplementary  Tests 

Supplementary  tests  in  sand  or  soil  are  recommended  in  the  case  of  all  seeds  which 
do  not  germinate  well  in  the  chamber,  bell  jar,  or  light  germinator  tests.  The  zesults 
of  tlw  supplementary  tests  should  be  accepted  when  they  show  a  higte  percentage 
than  the  chamber  tests. 

Sterilisation 

-  All  cloths,  bell  jars,  and  other  apparatus  used  in  connection  with  germinatioii 
tests  ahould  be  carefully  sterilised  with  steam  or  boiling  water  before  using.  Blotting 
paper  should  be  used  but  once. 

Hard  Seeds 


Hard  Seeds 

In  reporting  the  germination  of  samples  of  leguminous  seeds,  a  portion  of  wUeh 
usuallv  remahi  hard  at  the  end  of  the  test,  the  actual  percentage  of  germination 
shoulcl  be  reported  and  also  the  percentage  of  seed  remaining  hard. 

Substrata,  Temperatures,  and  Duration  of  Tests 

Table  n  gives  the  substrata,  optimum  temperatures,  and  days  on  which  both  pro- 
liminary  and  final  reports  should  usually  be  made  on  chamber,  bell  jar,  and  l^t 
germinator  tests  of  the  common  seeds.  Tests  in  which  there  are  no  hard  seeds  ahoold 
be  continued  until  ail  aeeds  either  sprout  or  deeay.  For  sand  and  soil  tests  a  ioBger 
time  should  be  allowed  for  preliminary  and  final  reports. 
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Tablb  II. — SvBanttSA,  Tmwnuuofna,  amd  DuB^non  ov  Tutb. 


KnfD  OF  BOD 


SUB- 
IITEA- 
TUMt 


TUBM, 
GRADI 


DAT  FOB  MAKING 

QKBMINATION 

91P0BT 


lYdimin- 


Barl^. 


Beets  6  e. . 
Buckwheat 

Com 

Cotton .... 

Flax 

Hemp 

Oats 

Bias 

Rice 

Rye 

Tobaooo... 
Turnips. . . 
Wheat 


FMdCrops^ 
B 
C 
B 
B 
C 
C 

TB 
B 
B 
C 
B 
B 

TB 
B 
B 


20 
20-^0 
20-90 
20-90 
20-30 
20-30 
20-30 
20-30 

20 
20-30 
20-30 

20 
20-30 

20 

20 


Grasses,  Clovers,  Forage  Plants 


AlfatfA 

Bermuda  gmss. 


Biome  grass 

Closer,  akike 

Clover,  enmson 

Ck>ver,  mammoth  red 

Clover,  common  red 

Ck>ver,  white 

Cow  peas 

Crested  dogtail 

Meadow  fescue. 

Other  feseues  (ovina  group) 

Meadow  foxtail 

Millet 

Johnson  grass 

Orchard  grass 

Paspabmi 

Rape 

Redt(^ 

Rescue  grass 

Rhodes  grass 

Ryegrass 

Sorghum 

8ui£m  grass 

Soybeans 

Sweet  vernal  grass 

Tan  meadow  oat  grass 


B 
BJ 
BJ 
B 

TB 
B 
B 
B 
TB 
C 
B 
B 
B 
B 
B 
B 
B 
B 
B 
TB 
BJ 
B 
B 
B 
B 
C 
B 
B 
B 


20 

20^35 

20-30 

20-30 

20 

20 

20 

20 

20 

20-30 

20-30 

20-30 

20-30 

20-30 

20-30 

20-36 

20-30 

20-35 

20 

20-30 

20-35 

20-30 

20-30 

20-30 

20-30 

2&-ao 
2&-ao 

20-30 
30 


Final 


3 

5 

3 

6 

5 

10 

3 

5 

3 

5 

4 

7 

2 

5 

a 

5 

3 

5 

4 

8 

3 

6 

3 

5 

7 

14 

3 

5 

3 

5 

3 

5 

10 

21 

14 

28 

6 

10 

3 

5 

2 

4 

3 

5 

3 

5 

3 

5 

4 

10 

10 

18 

5 

10 

10 

21 

6 

10 

3 

5 

6 

10 

6 

14 

6 

14 

3 

6 

5 

10 

10 

21 

6 

10 

6 

10 

3 

5 

3 

5 

4 

8 

6 

14 

6 

10 

4 

8 

332 


Refobt  or  THB  DEPABnmHT  or  Botakt  of  thb 


TiBU  IL—  SuaamiiiA,  TncpntATina 

1,  Am  DuBAwnr  OP  TMVi  lamduiei^. 

Kjhd  or  SOD 

Sub* 

TOlft 

Tncpuu- 

vuu, 
OBini* 

OBADB 

Dat  iob  kajovq 

BSFOSr 

inary        "" 

Timothy 
Turnips. 
Velvet 
Vetoh. 


,  Cloven,  Forage  Plants 

TB 


B 
B 
C 


Bmos 

Beets  be. . 
Cabbages.. 
Canots  — 
Cauliflower, 

Celery 

Cucumbers. 
Eggplant. . 
Kale 


Lettttoeb. .. 
Muskmelons. 

Okra 

Onions 

Phrdey. 


Peas. 

Peppers 

Pumpkins . . . . 

Radishes 

Salsify 

Spinaoh 

Squashes. . . . 
Sweet  corn . . . 
Tomatoes — 

Tuinips 

Watermelons. 


Vegetables 

C 
C 
B 
B 
B 
B 
TB 
B 
B 
B 
B 
B 
C 
B 
B 
B 
C 
B 
C 
B 
C 
B 
C 

B 
B 

B 


oonHnued 

20 
20-30 
20-30 


20-dO 
20^90 
20^90 

20 
20-^ 

20 
20-30 
20-30 
20-30 

20 

20 
20-30 
20-30 
20-30 
20-30 
20-30 
20-30 
20-30 
20-30 

20 
20-^ 

20 
20-30 
20-30 
20-30 

20 
20-30 


5 

8 

3 

5 

6 

10 

4 

14 

6 
3 
4 
3 
6 
3 

10 
3 
8 
3 
2 
8 
4 
4 

14 
6 
3 
4 
3 
3 
6 
5 
3 
3 
4 
3 
4 


14 
6 

10 
5 

14 
5 

21 
5 

14 
5 
4 
5 

14 
7 

28 

21 
6 

10 
6 
6 

10 

10 
6 
5 

10 
5 
6 


^  In  the  ease  of  cereals  and  timothy  grown  under  such  oonditk>Bs  that  they  are  frosted 
or  exposed  to  oold  weather  before  harvest^  the  germination  tests  should  be  made  at 
lower  temperatures,  15  to  20^  C,  and  continued  for  longer  periods  than  for  normal  seed. 
t  B  —  Between  bbttang  paper. 
TB  —  On  top  of  blotting  paper. 

BJ  —  Bell  jar  (these  seeds  may  also  be  germinated  In  daylight  genninator). 
C  —  Between  folds  of  cloth. 
h  -^  Soak  six  hours  in  water  at  room. temperature  before  testing  for  germinatbn. 
e— >It  is  recommended  that  the  germination  of  beet  seed  be  confined  to  determin- 
ing the  peroentage  of  balls  which  giv«  ^NmrtHi 
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The  on^totl  mamk  lEioald  be  kept  in  a  dark,  dry,  eool  place  for  dz  moniLe  for  use 
if  a  retest  is  found  neoe«anr.  The  wparataons  inade  in  making  tibe  teat  ahouki  be 
mckwed  in  enireiopea  or  viala  and  fOed  for  lef erenee. 

BeoordSheeta 

A  reeord  aheet  ahookl  be  kept  for  each  aampk,  on  which  ahonU  be  recorded  the 
■erial  teat  nnmber,  the  aender'a  identi&eation  mark,  the  name  of  the  aeed,  the  name 
and  addreaa  of  the  eender,  the  year  and  plaoe  of  growth,  if  known,  the  weight  of 
the  amaUer  average  lot  uaed  in  making  the  purity  test,  the  percentage  by  weight  of 
pure  aeed,  the  percentage  by  weight  and  the  character  of  the  inert  matter,  the  per 
centage  by  wei^t  of  other  crop  leeda  and  of  weed  leeda  with  a  memorandum  of  the 
number  or  percentage  of  each,  <he  temperature  and  kind  of  aubetratum,  the  number  of 
aeeda  germinated  and  the  time  each  count  wae  made»  the  average  percentage  of  ger- 
mination and  the  day  of  tiie  test  upon  which  the  preliminaiy  report  waa  made,  the 
number  of  aeeda  remaining  hard  at  the  cUmc  of  the  teat,  and  the  total  average  per- 
centage of  germination  ana  the  duration  of  the  teat,  the  presence  of  weak  eprouta  and 
mould,  or  auch  information  aa  is  required  for  the  report. 


An  reports  should  flbcyw  tfie  date  of  reodpt  of  the  nmple,  the  serial  test  number, 
the  aender's  Jdentification  mark,  and  the  common  name  of  the  seed. 

Purity  Test  Report 

This  diouM  dww  the  percentage  by  weifljit  of  the  pore  seed,  the  percentage  by  weight 
and  character  of  the  inert  matter,  the  percentage  by  woght  of  seeds  of  other  cultivated 
plants^  and  the  percentage  by  weight  of  weed  aeeda.  Tj^e  quantity  of  each  important 
foreign  seed  present  should  be  shown  and  special  attention  should  be  called  to  the 
aeeda  of  all  noxioua  weeds,  or  such  information  aa  is  required  by  law  to  be  given  with 
seed  offered  for  sale  where  the  report  is  issued. 

Germination  Test  Report 

This  should  include  the  duration  of  the  germipation  test,  the  average  percentage  of 
gBrminatann,  and  the  percentage  of  hard  aeeda  if  any. 

PROVISIONS  FOR  SEED  TESTS 

The  seed  law  grants  permission  to  the  New  York  Agricultural 
Experiment  Station  at  Geneva  to  establish  and  maintain  a  seed 
laboratory  with  necessary  equipment,  and  to  employ  competent 
analysts  to  make  analyses  and  tests  of  samples  of  seeds  collected 
mider  the  provisions  of  the  seed  law.  Since  1905,  this  Station  has 
made  tests  of  seeds  volimtarily  and  free  of  charge  for  farmers  or 
purchasers  of  seed  when  the  sample  and  the  accompanying  request 
for  a  test  bore  every  evidence  of  being  desired  by  the  prospective 
sower  of  the  seed.  Samples  in  increasing  numbers  and  to  the  extent 
of  several  hundred  per  year  have  been  tested  under  this  policy. 
It  is  to  be  hoped  that  farmers  in  increasing  numbers  will  appreciate 
and  will  continue  to  take  advantage  of  the  facilities  ofiFered  by  the 
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seed  law  in  a  provision  for  a  seed  testing  laboratory  where  their 
seeds  may  be  tested.  Means  and  facilities  have  not  be«i  available 
with  which  to  undertake  testing  for  seed  dealers  and  the  general 
seed  trade.  Since  1912,  when  the  first  seed  law  was  enacted  in  this 
State,  tests  of  samples  collected  officially  from  the  open  market 
have  been  analyzed  at  this  Station  as  provided  for  in  the  law,  however, 
no  provision  was  made  for  the  opcrsMon  of  a  seed  testing  laboratory. 

Provision  is  also  made  in  the  new  law  whereby  any  citiaen  of  the 
State  shall  have  the  privilege  of  submitting  to  the  seed  laborat(»ry 
at  the  New  York  Agricultural  Experiment  Station  at  Geneva, 
samples  of  agricultural  seeds  for  test  or  analysis.  This  privilege  is 
subject,  however,  to  such  rules  and  regulations  as  may  be  adopted 
by  the  Director  and  Board  of  Control  of  said  Station.  These  c&euiB 
are  granted  power  to  make  such  rules  and  r^ulations  as  may  from 
time  to  time  become  necessary  to  protect  the  seed  laboratory  and  to 
facilitate  service  for  the  greatest  number  of  people  by  limiting  the 
number  of  samples  tested  for  any  one  individual  in  a  given  time, 
and  also  to  fix  the  fee  charged  for  making  tests  of  sampkH  other  than 
those  tested  free  of  charge. 

Rules  and  regulations  adc^ted  by  the  Director  and  Board  of 
Ckmtrol  of  the  Station  for  the  use  of  the  seed  testing  laboratory 
are  given  below.  Unless  these  rules  and  regulaticxis  are  strictly 
observed  delay  in  testing  will  result,  or  the  samples  may  receive 
no  attetftion  at  all.  No  tests  will  be  made  for  persons  vidatiDg 
any  of  the  regulations. 

RULES   AND   BBQX7LATI0NS   QOVEBNINQ   THE   TBBTINQ   OF   SEEDS  TOR 

PtmiTT  AND  QEKBONATION^ 

1.  The  kinds  of  seeds  that  will  be  tested  are  those  specified  in  the 
Seed  Law  and,  in  addition,  the  seeds  of  garden  and  truck  crop  plants. 

2.  Samples  to  be  tested  should  be  drawn  in  such  a  way  as  to  be 
fairly  representative  of  the  bulk  lot  of  seed  from  which  they  are 
taken.    (See  ''Rules  for  Sampling,"  page  326.) 

3.  Only  samples  which  are  of  sufficient  size  for  taldng  a  repre- 
sentative test-sample  will  be  analysed  or  tested.  The  tir^in^nrmm 
weight  of  seed  forwarded  for  test  should  be  approximately: 


I  Adopted  by  tbe  Dinetor  and  Boud  ol  Oontrol  of  the  New  Totk  Agrioaltiinl 
E^qwrimeat  Statioii,  June  1,  1030. 
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(a)  One  ounce  of  grass  seed  of  any  kind  or  of  wUte  and  alaike 
clover; 

(b)  Two  ounces  of  red  and  crimson  dover,  alfalfa,  millet,  flax, 
or  seed  of  like  size; 

(c)  One-half  pound  of  ceneals  or  seed  of  like  size. 

4.  Each  sample  must  bear  an  identification  mark,  the  name  of  the 
kind  of  seed,  and  the  name  and  address  of  the  sender.  Also,  it  must 
be  accompanied  by  a  statement  of  what  is  desired  —  whether  a 
purity  test,  a  germination  test,  or  both. 

Samples  sent  by  mail  or  express  must  be  fully  prepaid  and  should 
be  enclosed  in  stout  containers  which  will  insure  their  arrival 
unbroken. 

Address  all  samples  and  oorre^xuidence.  relating  thereto  to  the 
Seed  Laboratory,  New  York  Agricultural  ESxperiment  Station, 
Geneva,  N.  Y. 

5.  The  name  of  the  Station,  of  the  Seed  Laboratory,  or  of  a  Station 
official  must  not  be  used  for  advertising  purposes  in  connection  with 
the  report  issued  upon  any  sample  of  seed. 

The  data  on  the  report  may  be  copied  onto  a  tag  or  label  for  the 
purpose  of  a  declaration  of  sale,  but  the  party  doing  this  thereby 
guarantees  that  the  quality  of  the  seed  to  wUch  such  label  is  attached 
eqtuJs  that  indicated  by  the  label. 

6.  Samples  of  seed  grown  by  residents  of  New  York  State  for  their 
own  use  will  be  tested  free  of  charge.  Such  samples  must  be  accom- 
panied by  a  statement  that  the  test  is  not  desired  for  use  in  a 
declaration  of  sale  or  for  purposes  of  labeling,  but  for  guidance  in 
planting. 

7.  For  all  tests  the  results  of  which  are  to  be  used  for  declarations 
of  sale  or  for  labeling  purposes,  a  fee  will  be  charged  as  follows: 
For  pmity  tests  of  special  mixtures  and  all  grasses  (except  timothy 
and  the  cereal  grains),  one  dollar  each;  for  purity  tests  of  timothy 
cereal  grains,  and  all  other  kinds  of  crop  seeds  (except  grasses),  fifty 
cents  each;  for  all  germination  tests,  twenty-five  cents  each. 
Remittance  should  be  made  by  money  order  payable  to  the  State  of 
New  York. 

8.  Only  under  special  circumstances  which  seem  to  justify  such 
analyses  in  order  to  check  guarantees,  will  the  Station  make  tests 
(other  than  the  regular  official  tests)  of  labeled  seeds  o£Fered  for 
sale  upon  the  market.    Persons  making  request  for  such  tests  should 
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state  fully  their  reasons  therefor  and  furnish  the  following  infor- 
mation in  addition  to  that  required  under  paragraph  4: 

(a)  Name  and  address  of  the  party  offering  the  seed  for  sale; 

(b)  A  complete  copy  of  the  labd  on  the  seed; 

(c)  The  commonly  accepted  name  of  the  seed,  its  variety,  and  place 
where  grown,  if  known. 

9.  No  more  than  five  samples  will  be  tested  free  for  any  one 
person  in  any  calendar  month,  but  such  persons  may  have  additional 
samples  tested  upon  pa3rment  of  the  required  fees.  To  avoid  errors 
and  consequent  dela}^  in  testing,  senders  of  samples  should  keep 
a  record  of  their  sendings. 

10.  No  notice  wUl  be  taken  of  samples  which  are  imacoompanied 
either  by  a  fee  or  the  statement  required  for  free-test  samples  as 
given  in  paragraph  6. 


1.    .  !• 
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SOME  OF  THE  EFFECTS  OF  THE  WAB  UPON 

FERTILIZERS  * 


L.  L.  VAN  SLYKE 


SUMMARY 


A  study  of  data  legaxdiag  commercial  f ertilijBen,  collected  during 
the  years  19x4  to  29x9  inclusive,  reveal  facts  showing  some  of  the 
effects  of  the  war  upon  commerdal  fertilizers, 

I.  Effect  upon  kinds.  The  number  of  complete  fertilizers  de- 
creased each  year,  going  from  6x4  in  X9X4  to  17X  hi  19x9.  The 
mixtures  of  pho^horic  acid  and  potash  practically  disappeanad  by 
19x6,  lAnle  mixtures  of  nitrogen  and  phosphoric  add  appeared  in 
relatively  large  number  in  X9x6  and  the  following  years.  Acid  phoe* 
phate  brands  increased,  whfle  nitxate  of  soda  decreased,  and  potash 
salts  entirely^disappeared.    Bone,  blood  and  tankage  decreased. 

a.  Effect  t^n  composition.  In  complete  fertilizers  the  average 
percentage  of  nitrogen  decreased  appreciably  after  X9X5,  idiile 
that  of  potash  decreased  greatly  after  19x4,  and  still  more  after 
X9x6.  The  average  percentage  of  available  phosphoric  add  increased 
condderably  after  X9X4,  but  with  some  variation  from  year  to  year. 
The  total  percentage  of  available  plant-food  decreased  continually 
after  X914. 

3.  Effect  upon  cost  The  average  retail  cost  of  one  pound  of 
plant-food  increased  year  by  year  continuously  after  X9X4  in  the 
case  of  complete  fertilizers,  going  from  8.8  cents  per  pound  in  X9X4 
to  33.x  cents  in  X9X9,  an  increase  of  nearly  four  fold.  In  the  case 
of  add  phosphate,  nitrate  of  soda,  bone,  dried  animal  manures,  etc, 
there  was  an  increase  in  the  retail  cost  of  plant-food,  but  not 
relatively  as  great  as  in  the  case  of  complete  mixed  fertilizers. 

INTRODUCTION 

In  1914  a  buDetin  (No.  392)  was  published  by  the  Station,  giving 
fad»  regarding  the  composition  and  cost  of  plant-food  constituents 

*  Reprint  of  Bulletin  Na  471,  January,  1020. 
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in  commercial  fertilizers.  The  data  then  published  represent  the 
last  year  of  normal  pre-war  conditions.  It  is  a  matter  of  interest 
to  know  in  what  manner  and  to  what  extent  these  pre-war  facts  have 
been  affected  from  year  to  year  during  the  war  and  also  during  the 
year  1919.  The  data  upon  which  our  results  are  based  were  obtained 
in  connection  with  the  annual  official  collection  and  analysis  of 
commercial  fertilizers  in  New  York  State. 

It  should  be  kept  in  mind,  iii  considering  our  restdts,  that  the 
facts  given  for  any  one  year  represent  the  market  conditions  pre- 
vailing during  the  summer  and  fall  of  the  preceding  year.  Fertilizer 
manufacturers  generally  make  most  of  their  purchases  for  materials 
during  the  summer  and  fall  for  use  in  making  the  goods  to  be  placed 
in  the  hands  of  consumers  during  the  spring  and  summer  of  the  yeax 
following.  Thus,  the  fertiUzers  used  in  1914  were  made  from 
materials  purchased  largely  in  1913,  when  conditions  were  normal; 
while  the  fertilizers  used  in  1919  were  made  from  materials  purchased 
in  1918,  when  the  maximum  effects  directly  due  to  the  war  were  in 
full  force. 

In  studying  the  effects  of  the  war  upon  commercial  fertilisers, 
we  shall  consider  them  under  three  heads,  (1)  kinds,  (2)  composition, 
and  (3)  price.  First,  we  shall  consider  complete  mixed  commercial 
fertilizers,  and  then  such  unmixed  fertilizing  materials  as  we  have 
satisfactory  data  for  during  the  war  period. 

KINDS  OF  C50MMERCIAL  MIXED  FERTILIZERS  AND 

MATERIALS 

In  the  table  following,  we  give  the  nimxber  of  each  kind  of  mixed 
commercial  fertilizers  and  of  unmixed  fertilizing  materials  collected 
and  analysed  each  year  from  1914  to  1919. 

Among  the  points  of  special  interest  attracting  our  attention 
in  connection  with  the  data  contained  in  Table  I,  we  notice  tiie 
following: 

1.  Total  number  of  brands. —  The  number  of  brands  or  samples 
decreased  after  1914,  dropping  about  15  per  cent,  in  1915,  35  per  cent 
in  1916  and  44  per  cent  in  1918. 

2.  Complete  mixtures. —  The  number  of  complete  mixed  fertilizers 
decreased  about  10  per  cent  from  1914  to  1915;  62  per  cent  in  1916; 
and  over  70  per  cent  in  1918  and  1919.  This  decrease  was  due,  of 
course,  to  the  impossibility  of  obtaining  potash  after  the  German 


Nbw  York  AoBicmmjBXL  ExFBBiiaaNT  Station.        341 

supply  waa  cut  off  in  1914.  The  supply  of  potash  th^L  on  hand  in 
America  was  carefully  husbanded  and  made  to  go  as  far  as  possible, 
both  by  decreasing  the  number  of  commercial  mixtures  containing 
potash,  and  also  by  decreasing  the  amount  of  potash  in  saoh  mix- 
tures, as  will  be  shown  later. 


Tablb  L— NumiBB  axd  Kdidb  or  Goimuiouxi  Funusiss  amd  MATaauuL 

Kmofl. 

1914 

1916 

1916 

1917 

1918 

1919 

1.  Complete  fertiliieR 

614 
117 

0 
67 
39 
34 
43 
20 
14 

9 
26 

4 
28 

649 

76 

0 
64 
26 
46 

2 
22 

9 
11 
29 

4 
39 

233 

■ 

2 

227 
69 

9 
33 

0 
12 

7 
10 
30 

2 
14 

259 

0 

262 
69 
13 
31 

0 
27 

3 
17 
27 

3 

7 

177 

3 

218 
71 

7 
29 

0 
10 

1 

12 
26 

1 

6 

171 

2.  Mixtures   of   phosphorie  acid  and 
potash 

28 

3.  Mixtures  of  nitrogen  and  phosphoric 
acSd 

227 

4.  Acid  phosphate 

77 

5.  Bodium  nitrate 

9 

6b  Bone 

23 

7.  PotfM*  flaltrfl 

1 

8.  Tankajre 

9 

9.  Dried  Blood 

0 

10*  TVied  animal  mamms. ........ ... . 

16 

19 

12.  Wood  ashes 

0 

13.  Miscellaneous 

8 

Totals ; 

1,004 

866 

648 

708 

661 

688 

3.  Incomplete  mixtures. — ^Previous  to  the  year  1914,  there  had  been 
an  increasing  nimxber  of  commercial  fertilizer  mixtures  containing 
only  acid  phosphate  and  potash  salts,  the  nimxber  having  risen  to 
117  in  1914.  This  dropped  to  76  in  1915,  and  then  these  mixtures 
practically  disappeared  from  the  market  until  the  year  1919,  when 
a  number  again  appeared.  When  these  phosphoric  acid  and  potash 
mixtures  disappeared  and  also  the  complete  mixtures  greatly 
decreased  in  number,  it  was^the  inevitable  consequence  that  mixtures 
containing  only  nitrogen  and  phosphoric  acid  should  take  their  place. 
Such  mixtures  first  appeared  in  1916,  and  about  equalled  the  number 
of  complete  fertilizers  in  1916  and  1917;  while  in  1918  and  1919  the 
number  of  these  mixtures  of  nitrogen  and  phosphoric  add  considerably 
exceeded  that  of  the  complete  mixtures. 

4.  Acid  phosphate. —  The  number  of  brands  of  acid  phosphate  has 
appreciably  increased  from  year  to  year  since  1916,  indicating  a  more 
extensive  itfe. 
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6.  Sodium  nibrate  decteased  r^dly  after  1915,  owing  to  tin 
inoieaaed  demaads  in  tlie  manufacture  of  ezpkwiYOB. 

6.  Potash  9aU$  dis^peared  completely  from  the  market  in  1915. 

7.  Amtnal  maieriala. —  The  number  of  brands  of  bcme,  tankage  and 
dried  blood  decreased  appreciably,  owing,  probably,  to  their  increased 
use  in  commercial  mixtures,  largely  as  a  source  of  nitrogen  in  the 
absence  of  a  sufficient  supply  of  nitrate  of  soda,  Mttmnffiwim  sulfate 
and  cyanamid. 

The  dried  powdered  animal  manures,  especially  sheep  manure, 
increased  in  number. 


COMPOSITION  OF  MIXED  FERTILIZERS 

It  is  a  matter  of  interest  to  observe  in  what  manner  the  percentage 
of  plant-food  constituents  in  mixed  fertilizers  has  changed  during 
the  period  under  consideration.  In  Table  II  we  give  the  average 
percent  of  nitrogen,  of  available  phosphoric  acid  and  of  potash 
in  complete  commercial  fertilizers  for  each  year,  stating  the  average 
percentage  gparanteod,  and  also*  that  found.  The  total  number 
of  pounds  of  plant-food  in  100  poimds  of  fertilizer  is  also  given. 


Tabli  n. —  Composition  or  Complbis  FkBraunas. 

Ybab. 

NnBOGBN. 

Ayailabls 
Phobphobio  Aoid. 

PbXASR. 

Plant- 
food 
ialOO 
pounds. 

tead. 

Fouad. 

Guaran- 
tedd. 

1 

Found. 

Guaran- 
teed. 

Found. 

1914 

Perct. 
2.08 
3.20 
2.14 
3.06 
1.90 
1.79 

Peret. 
3.16 
3.33 
3.30 
3.18 
3.03 
1.89 

Peret 

7.eo 

8.22 
8.60 
8.5i 
8.32 
8.24 

Peret. 
8.04 
8.62 
9.23 
8.96 
8.55 
8.7D 

Perct. 
5.70 
2.90 
1.28 
1.45 
1.58 
1.59 

Perct. 
6.04 
3.08 
1.J3 

.  1.48 
1.53 
1.61 

Lbs. 
16.24 

1915 

13.93 

1916 

12.74 

1917 

13.63 

1918 

13.09 

1919 

13.30 

The  results  embodied  in  Table  II  can  be  sununarized  as  foUows: 
1.  Nitrogen. — ^The  average  peroMitage  of  nitrogen  remained  quite 
uniform  until  1918»  averaging  about  2.20  per  oent  each  year;  but  in 
1918  the  average  percentage  dropped  to  2.02,  and  in  1919,  to  1.79. 
This  was  due  to  Uie  impossibility  of  securing  adequate  supplies  of 
nitrogen*canry]]]g^n2aterials,  since  practically  all  nitrate  and  amm<mia 
oompoimds  were  absorbed  in  the  manufacture  of  explosives. 
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In  comparing  the  average  percentages  guaranteed  with  those 
found,  it  is  seen  that  the  guaranteed  amount  was  exceeded  by  amounts 
varying  from  0.03  to  0.12  per  oent  each  year,  and  averaging  for 
the  six  years  0.08  per  c^it. 

2.  AvaUabk  phosphoric  acid. —  Tiie  peBToentage  of  avaflaUe  phos- 
phoric acid  increased  during  the  first  three  years,  and  tihen  decreased 
scHnewhat.  There  was  the  evident  intention  on  the  part  of  manu- 
facturers to  increase  the  average  percentage  of  available  phosphoric 
acid,  the  increase  over  1914  varying  from  0.51  to  1.18  per  cent  and 
averagnig  0.77  per  cent. 

The  average  percentage  of  available  phosphoric  acid  found 
exceeded  each  year  that  guaranteed  by  amoimts  varying  from  0.23 
to  0.72  per  cent  and  averaging  0.45  per  cent. 

3.  Potash, —  As  would  be  expected,  the  greatest  change  in  the 
plant-food  constituents  of  c(xnmercial  fertilizers  was  in  the  content 
of  potash,  owing  to  the  complete  cessation  of  imported  potash 
materials.  In  1914  the  average  percentage  of  potash  in  complete 
fertilizers  was  about  6,  and  this,  in  1915,  decreased  one-half  w 
about  3.  In  1916  the  percentage  of  1914  had  decreased  to  1.32  or 
nearly  80  per  cent.  During  the  past  three  years  the  average  per- 
centage has  been  about  1.50. 

The  average  guaranteed  percentage  of  potash  was  exceeded  by 
that  found  each  year,  except  in  1918,  where  the  amount  found  fell 
below  that  guaranteed  by  0.06  per  cent.  In  1914  the  guarantee 
was  exceeded  by  0.34  per  cent,  and  in  1915  by  0.18  per  cent,  while 
m  1916, 1917  and  1919  the  excess  found  was  only  0.02  to  0.04  per  cent. 
These  figures  indicate  that  an  effort  was  made  to  use  potash  sparingly, 
and  keep  as  close  to  the  guarantee  as  possible  without  using  any 
excess. 

4.  Total  plarUrfood. —  If  we  add  the  percentages  of  nitrogen, 
available  phosphoric  acid  and  potash,  we  obtain  the  number  of 
poimds  of  plant-food  in  100  poimds  of  fertilizer,  as  shown  in  the 
last  column  of  Table  II.  Tliese  figures  show  a  marked  decrease 
in  1915,  and  a  further  decrease  in  the  years  following.  From  the 
discussion  of  Table  11,  given  above,  it  is  obvious  that  the  decrease 
in  total  plant-food  was  due  mainly  to  decrease  of  potash,  tho  in 
1918  and  1919  this  was  further  accentuated  by  appreciable  decrease 
in  nitrogen. 
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It  is  interesting  to  cany  farther  this  inquiry  in  relation  to  the 
decrease  of  plant^food,  and  ascertain  in  what  grades  of  fertiluers 
the  changes  are  most  noticeable.  If  we  classify  complete  commercial 
fertilizers  on  the  basis  of  the  total  amount  of  plant-food  in  100 
pounds  of  fertilizer  into  four  classes,  we  can  show  the  vaiying  pro- 
portion of  these  classes  year  by  year.  For  this  purpose  we  divide 
fertilizers  into  the  following  four  classes:  (1)  Those  containing  less 
than  10  per  cent  of  plant-food;  (2)  those  containing  between  10  and 
12  per  cent;  (3)  those  containing  between  12  and  15  per  cent;  and 
(4)  those  containing  over  15  per  cent.  The  results  are  tabulated  bdow. 

TiBU  in.~  DmiBiBimoN  or  Fumums  Aooobdxno  to  ComsMT  or  Pl4MT-Food. 


AvsBAoa  NuMBBB  OF  Fkbuluobbs  ras  100  nr 

Ybab. 

GlMil 

oontaining  kn 
■than  10  per- 
oent  of  pUni- 
fooS: 

OmsTT 

oontftining  bo* 

tween  10  and  12 

percent  of 

plant-food. 

GbMsin 

containing  be- 
tween 12  and  15 
percent  of 
plant-food. 

nxvethan 

15  percent 

of  plant-food. 

1914 

1915 

1916 

1917 

1918 

1919 

1.0 
2.8 
8.1 
8.2 
10.2 
10.6 

9.7 
14.3 
86.9 
33.3 
43.0 
86.7 

80.1 
49.4 
54.7 
53.4 
44.0 
46.2 

59.2 
83.5 
5.3 
5.1 
2.8 
6.5 

Inspection  of  Table  III  shows  that  the  number  of  low-grade 
fertQizers  (those  containing  less  than  10  per  cent  of  plant-food) 
increased  steadily  from  1  per  100  in  1914  to  nearly  11  in  1919;  that 
the  proportion  of  fertilizers  in  Class  II  (containing  10  to  12  per  cent 
of  plant-food)  increased  from  about  10  per  100  in  1914  to  over  40 
in  1918;  that  the  number  of  those  in  Class  III  (containing  12  to  15 
per  cent  of  plant-food)  increased  from  30  per  100  in  1914  to  about 
55  in  1916,  and  then  decreased  somewhat;  that  the  niunber  of 
fertilizers  in  Class  IV  (those  containing  over  15  per  cent  of  plant- 
food)  decreased  from  59  per  100  in  1914  to  33.5  in  1915,  to  5.3 
in  1916,  and  to  2.8  in  1918.  These  facts,  briefly  summarized, 
mean  that  the  proportion  of  high-grade  conunercial  fertilizers 
decreased  rapidly  after  1914  and  1915,  while  the  proportion  of 
lower-grade  mixtures  increased  markedly. 
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RETAIL  PRIC5ES  OF  COMPLETE  FERTILIZERS 

In  Table  IV  we  grre  for  each  year  the  average  aelliiig  price  of 
one  ton  of  complete  f ertilueri  the  number  of  pounds  of  plant-food 
per  ton,  the  average  cost  of  one  pound  of  plant-food,  and  the  relative 
cost  baaed  on  the  cost  in  1914. 


Tablb  IV. —  Con  OF  Plaht-Food  in  Fsbtiusbbb. 


Ybab. 

Average  t^ 
tail  price 
per  ton  of 
tetfliwr. 

Amoontsof 
pUmt-food 
fn.  one  ton. 

Averace  ro- 

taUpnoeof 

one  pound  of 

plant-food. 

Relative 
eost  of  one 

poiAidof 
plant-food. 

1914 

t2R.53 

ao.87 

35.00 
34.40 
47.70 
80.22 

Pounds 

324.8 

278.6 

254.8 

252.4 

241.8 

244.0 

Gents 
8.8 
11.1 
13.7 
13.6 
19.7 
88.1 

100 

1915 

126 

1916 

155 

1917 

154 

1918 

224 

1919 

376 

An  examination  of  the  figures  in  Table  IV  shows:  (1)  That  the 
selling-price  of  fertilisers  increased  gradually  thru  1917,  then  in 
1918  there  was  a  marked  advance,  and  then  in  1919  a  great  upward 
leap;  (2)  That,  while  there  was  increase  in  the  ton  price,  there  was 
at  the  same  time  a  marked  decrease  in  the  amount  of  plaift-food  per 
ton,  and  therefore  the  only  proper  basis  of  yearly  comparison  is 
the  price  of  plant-food  per  pound  as  shown  in  the  fourth  column 
of  Table  I V,  in  which  we  see  that  the  cost  of  one  poimd  of  plant-food 
increased  from  8.8  cents  in  1914  to  33.1  cents  in  1919;  (3)  That, 
taking  the  cost  of  one  pound  of  plant-foodin  1914  as  100,  the  relative 
increase  year  by  year  is  shown  in  the  last  column  of  Table  IV.  The 
vesolts  show  that  m  1915  there  was  an  advance  of  25  per  cent;  in 
1916  and  1917,  about  55  per  cent;  in  1918,  225  per  cent,  and  in  1919, 
376  per  cent.  Therefore,  during  the  year  of  1919  the  average  cost 
of  plant-food  in  complete  fertilisers  was  nearly  four  times  what  it 
was  in  1914. 

AdD  PHOSPHATE 

In  Tltble  V  there  are  g^ven  data  relating  to  the  composition  and 
retail  cost  of  acid  phosphate  during  the  war  period. 
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Tabub  v.—  AiionifT  and  CJost  of  Avaii.abi«b  Pbosphouo  Acn>  in  Acm  Pbospbais. 


Tbu. 

Available 

p]ioQ>lioric 

aekL 

RetoU 

prioe 

per  ton. 

RateaoiMt 

of  one  pound 

of  available 

add 

RfllatiTveoBt 

of  one  pound 

ofavaflable 

phoflpoonB 
acid. 

1914 

Peret. 
14.66 
15.23 
15.00 
15.07 
15.00 
15.52 

$14.50 
14.60 
20.20 
19.16 
25.30 
30.00 

Geote 
4.9 
4.9 
6.7 
6.3 
8.4 
9.7 

100 

1915 

100 

1916 

140 

1917 

130 

1918 

170 

1919 

20O 

The  average  oompooition  of  acid  phosphate,  while  ysixying  eome- 
whaty  generally  kept  in  the  ndghborhood  of  15  percent  of  available 
phosphoric  acid.  Hie  average  price  per  ton  varied  from  $14.50  in 
1914  to  $30.00  in  1919.  The  average  retail  price  of  cme  pound  of 
available  phosphoric  acid  varied  from  4.9  cents  in  1914  to  9.7  oents 
in  1919,  practically  doubling  during  the  war  period. 

NITRATE  09  SODA 

In  Table  VI  we  give  the  data  bearing  on  the  compositiaD  and  cost 
of  nitrate  of  soda  during  the  years  1914  to  1919. 


Tabib  VI.— 

Amount  ami>  Cost  of  NiraooiN  m  Nnnuis 

w  Soda. 

Tbab. 

Nitrogen. 

Retaa 

cost 

per  ton. 

Retail  oott 

of  one  pound 

of  nitrogen. 

RdftiiYoeost 
of  nitrogen. 

1914 

Per  ot. 
15.20 
15.25 
15.50 
15.36 
15.38 
15.24 

$54.25 

50.25 

77.62 

77.50 

114.50 

116.80 

Oents 
17.8 
16.5 
25.0 
25.2 
37.2 
38.3 

IQQ 

1916 

AW 

1916 

140 

1917 

140 

1918 

210 

1919 

215 

The  chief  point  of  inteiiest,  indicated  by  the  data  in  Table  VI, 
is  that  the  price  of  nitrogen  in  nitrate  of  soda  more  £han  doubled 
between  1914  and  1918. 
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BONB 

Tabb  Vn  gives  the  compoBition  of  bone  and  the  retail  cort  per 
ton  as  well  as  the  eoet  of  one  pound  of  plant-food  conslituents. 

Tablb  vn. —  Amount  and  Cost  or  Plant-Food  Conbiitusntb  uf  Bonb. 


Tbab. 

mnwuL 

Total 

phone 
add. 

Retail 

cost 

per  ton. 

Plant- 
food  in 
one  ton. 

RetaU 
cost  of 
one  pound 
of  plants- 
food. 

Relative 
annual 
cost  of 
one  pound 
of  plant- 
food. 

1914 

1916 

Per  et. 
3.13 
3.03 
2.97 
3.10 
2.95 
2.90 

Perot. 

23.39 

23.50 

23.64 

22.86 

23.20 

24.58 

$86.60 
35.10 
42.06 
45.20 
52.97 
60.80 

Lbs. 
588.4 
530.6 
512.2 
519.2 
523.0 
549.6 

Cents 
7.0 
6.6 
8.2 
8.7 
10.1 
11.1 

100 

1916 

1917 

1918 

1910 

117 
124 
144 
157 

The  data  show  that,  while  the  retail  cost  of  bone  advanced  after 
1915,  the  cost  of  one  pound  of  plant-food  did  not  increase  relatively 
from  year  to  year  as  much  as  in  the  case  of  mixed  fertilizers,  acid 
phosphate  and  nitrate  of  soda. 

COHmERCIAL  DRIED  ANIMAL  MANURES 

For  some  years  there  has  been  a  considerable  sale  of  dried  pulver- 
ised animal  excreta,  such  as  sheep,  cattle  and  pig  manure.  On 
account  of  the  potash  content,  there  has  been  an  increased  demand 

Tabli  ym. —  Amount  and  Cost  of  Plant-Food  in  Dbibd  Animal  Manubbs 


Phos- 

Retail 

Plant- 

Retail 
oost  of 

Relative 

annual 

oost  of 

one  pound 

of  plant- 
food. 

Ybab. 

Nitrogen. 

phorio 

Potash. 

oost 

food  in 

one  pound 

add. 

per  ton. 

one  ton. 

plant- 
food. 

Perot. 

Perot. 

Perot. 

Lbs. 

Cente 

1914... 

2.23 

1.56 

2.31 

137.17 

122.0 

30.5 

100 

1915... 

2.17 

2.04 

2.32 

43.33 

130.6 

33.2 

109 

1916... 

2.07 

1.42 

1.60 

35.60 

101.8 

35.0 

115 

1917... 

1.96 

1.65 

1.81 

35.10 

108.4 

34.5 

113 

1918... 

2.02 

2.27 

1.88 

48.10 

123.4 

39.0 

128 

1919... 

2.15 

1.81 

2.21 

55.63 

123.4 

45.1 

14S 
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for  these  materials.    We,  therefore,  present  data  relating  to  their 
oompoeition  and  oost. 

In  regard  to  compoedtion,  these  materials  vary  considerably, 
especially  in  the  percentage  fd  phosphoric  add  and  of  potash.  The 
cost  of  plant-food  increased  from  year  to  year  since  1914,  but  the 
increase  was  not  so  great,  proportionately,  as  in  the  case  of  the 
other  plant-foods  previously  considered,  but  this  was  due  to  the 
fact  that  the  cost  was  relatively  high  at  the  beginning  of  om*  period 
of  comparison.  As  compared  wilii  plant^ood  in  complete  mixed 
commercial  fertilizers,  the  plant-food  in  these  dried  animal  manures 
is  high.  The  cost  of  one  pound  of  plant-food  in  the  animal  manures 
has  averageyl  in  the  different  years  from  1.5  to  3*5  times  as  much 
as  in  the  case  of  the  mixed  fertilizers. 
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THE  OABBON  DIOXIDE  CONTENT  AS  A  BASIS 
FOR  DISTINGUISHING  HEATED  FROM 

UNHEATED  MILE* 

1 

Ifc  L.  VAN  SLYKE  and  R.  F.  ineieT.TCtt 

SUMMARY 

TUs  imrestigatkm  has  had  for  its  object  to  learn  whether  the 
heating  of  milk  under  flie  conditions  nsed  in  pasteurization  changes 
flie  CQi  content  of  the  milk  in  such  a  way  as  to  make  it  a  means 
of  knowing  whether  milk  has  been  pasteurized  or  not  It  has 
been  necessarji  thereforei  to  study  such  other  conditions  as  may 
affect  the  COt  content  in  the  usual  method  of  h*fiHii«g  mOk  from 
tlie  time  of  milking  to  tiie  time  of  deliveiy  to  the  consumer. 

It  is  found  tiiat  &e  COs  content  of  milk  is  not  appreciably  affected 
by  the  method  of  milking;  tiiat  the  COs  content  rarely  drops  below 
3  to  3*5  per  cent  by  volume)  when  milk  stands  under  ordiiiBry  con- 
ditionsy  even  for  periods  of  20  to  40  hours  after  milking;  tiiat  the 
COs  content  is  not  appreciably  changed  by  passing  thru  a  separator, 
and  tiiat  cmly  extreme  and  prolonged  stirring  reduces  the  CO3 
below  3  per  cent  by  volume;  and  tiiat  heating  mQk  under  tiie  con- 
ditions required  for  pasteurization  reduces  tiie  COs  content  to,  and 
usually  below,  2.5  per  cent  by  volume. 

Therefore,  it  is  believed  tiiat,  when  the  percentage  of  COs  by 
vidume  is  not  more  than  2*5,  it  is  safe,  in  general,  to  assume  that 
the  milk  has  been  healed  to  the  temperature  of  pasteurization. 

INTRODUCTION 

It  has  been  pointed  out  in  Technical  Bulletin  No.  69  of  this  Station 
that  the  heatmg  of  milk  in  the  prooess  of  pasteurization  reduces 
the  CXDb  content  to  such  an  extent  that  this  change  might  be  made 
the  baas  of  a  method  for  distinguishing  pasteurized  from  imheated 
milk.  In  order. to  ascertain  whether  this  fact  of  decrease  of  COs 
could  be  utilized  in  the  development  of  such  a  method,  it  is  neces- 
sary to  lefum  to  what  extent  Uie  CO^  content  of  normal  niilk  is  reduced 
under  a  variety  of  conditions,  especially  such  conditions  as  are 
associated  with  the  handling  of  milk  from  the  udder  to  delivery  to 
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oonsumers.  A  study  has  been  made,  therefore,  of  the  effect  of  such 
conditions  as  (1)  the  method  of  milking,  (2)  the  length  of  time  of 
standing  of  milk  after  being  drawn  from  the  udder  (3)  ^e  effect 
of  agitation,  and  (4)  the  effect  of  temperature.  Tlie  results  of 
this  work  are  presented  in  the  pages  following. 

The  details  of  the  metiiod  us^  in  the  determinatioa  of  COb  in 
milk  are  explained  in  the  bulletin  mentioned  above. 

EXPERIMENTAL  PART 

When  the  milk  is  drawn  from  the  udder  and  escposed  to  the  air, 
a  considerable  proportion  of  its  COs  escapes.  The  amoimt  of  COt 
usually  present  in  normal  milk  in  the  udder  has  been  found  in  the 
former  work,  to  which  reference  has  already  been  made,  to  average 
about  10  per  cent  by  v<^ume.  As  a  result  of  our  work  here  given 
we  find  that  iomiediately  after  milk  is  drawn  from  the  udder,  t^ 
COft  content  is  generally  less  than  oneJialf  of  this  figure,  varying 
between  4  and  5  per  cent  in  most  cases. 

It  is  our  purpose  now  to  give  the  detailed  results  of  our  woriL, 
showing  to  what  extent  different  conditions  affect  the  (X)|  content 
of  milk  after  leaving  the  udder. 

I.     EFFECT  OF  METHOD  OF  MILKING 

A  few  determinations  of  CO3  were  made  in  the  case  of  milk  drawn 
from  the  udder  by  hand  in  comparison  with  that  drawn  by  milking 
machine,  two  different  kinds  of  machines  being  used.  No  appredabfe 
difference  was  found  in  all  of  the  samples  examined  by  us,  the  results 
all  varying  only  betwe^i  4  and  4.5  per  cent  of  COi  by  vcdume,  without 
reference  to  the  method  of  milking. 

n.     EFFECT  OF  BTANDINO 

Niunerous  examinations  have  been  made  by  us  to  ascertain  the 
amoimt  of  COs  in  milk  at  different  intervals  after  milking,  when 
kept  under  ordinary  conditions.  Milk  from  individual  cows  and  also 
from  herds  was  used.  After  being  drawn  from  the  udder,  the  milk 
was  kept  under  conditions  involving  a  minimum  amount  erf  handling 
or  agitation. 

In  the  case  of  samples  d  herd  milk,  obtained  at  a  local  milk 
station,  the  milk  had  been  transported  several  mfles  directly  from  the 
farms  to  the  station.  The  transportation  was,  of  course,  accom- 
panied by  more  or  less  agitation.  We  examined  forty  such  samjdes 
at  intervals  of  8,  20,  and  in  some  cases,  40  hours  after  milking. 
The  results  are  summarized  in  the  following  table. 
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Tablb  I.—  COk  Of  Hm»  Mils  at  hnnrAis  Avm  Bliuaiio. 


COi  IN  lAimM,  VaSCBMT  BT  VOLUMa. 

No.  or  aAMrHMi  BgAimwp 
Aras 

• 

8bn. 

20  In. 

401ira. 

3.0 

0 
12 
16 
7 
3 
2 

3 

5 

17 

9 

4 
2 

2 

3.6 

3 

4.0 

6 

4.5 

2 

6.0 

1 

6.6 

0 

These  raniltB  mdioate  that,  under  the  conditions  existing,  the 
Ycdtime  per  oent  of  COi  in  no  ease  falls  below  3>  even  40  hours  after 
milking,  and  only  in  a  few  cases  b^w  3.5  per  cent  after  20  hours  or 
more. 

In  the  case  of  milk  drawn  separately  from  five  individual  cows 
in  our  Station  herd,  and  examined,  after  standing  without  further 
handling,  at  intervals  of  18,  42,  64,  and  90  hours,  the  amount  of 
COs  present  in  the  milk  soon  after  being  drawn  decreased  by  0.5 
to  1.0  per  cent  by  volume  in  18  hours,  and  1.0  to  l«Sper  cent  in  42 
hours,  aftefr  winAi  there  was  no  further  decrease.  Ine  percentage 
of  CX)i  in  the  fresh  milk  varied  from  4  to  4.5  in  the  different  milks 
and  this  dropped  to  a  minimum  of  3  per  cent,  no  farther  decrease 
taking  place  after  42  hours. 

In  the  case  of  the  mixed  milk  of  pur  Station  herd,  which  contained 
4  per  cent  by  volume  of  00s  3  or  4  hours  after  mSking,  it  was  foimd, 
after  standivg  S  boars  more,  to  ccmtain  3.5  p^  cent,  a  decrease  of 
0.5  per  cent. 

III.     EFFBCT  OF  AOrTATION 

Several  experiments  were  made  to  ascertain  the  effect  of  agitation 
in  different  forms  upon  the  COs  content  of  milk.  Milk  was  passed 
thru  a  separator  in  some  cases,  and  in  others  was  stirred  by  spedal 
apparatus. 

In  the  case  of  milk  passed  thru  a  creamnseparator,  the  milk  before 
separa^m  contained  4  p^  cent  by  volume  of  COs.  The  resulting 
was  found  to  contain  the  same  amoimt  of  COs,  while  the 


cream  pontained  3  per  cent.  In  the  case  of  another  sample  of  milk, 
containing  3.5  per  cent  of  COs  by  volume  before  separation,  the 
resultmg  skim->milk  contained  the  same  percentage  of  COs.  Skim- 
milk  containing  4  per  cent  by  volume  of  COs  was  foimd  after  being 
passed  thru  a  separator  to  lose  no  COs. 

In  experiments  in  which  the  mdk  was  tstured,  the  agit>irtion  was 
TOoduced  by  means  of  the  8tining-^[>paratas  tleaciibad  in  T^Bcfanical 
Bulletin  No.  65  of  .this  Station. 
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In  the  case  of  a  sample  of  milk  containing  4  per  cent  of  CX)i  by 
volume,  the  milk  was  kept  at  room  temperature  (about  70^  F.) 
during  the  stirring  and  examinations  were  made  at  stated  intervals, 
with  the  following  results: 

Length  of  time  of  stirring:    0    15  mln.    90  min.    45  min.    1  hr.    2  hn.    6  hn. 
Per  cent  of  CO|l^  volume:    4     3.5  3  3  3        2.5         2 

From  these  results,  it  would  appear  that  such  agitation  as  milk 
is  subjected  to  in  the  methods  commonly  employed  in  handling 
milk  on  farms  and  before  being  placed  on  the  market  has  little  or  no 
effect  in  reducing  the  percentage  of  COs. 

IV.    effect  of  HBATma 

Experiments  were  made  for  the  purpose  of  ascertaining  the  effect 
of  heat  upon  the  COi  content  of  milk,  using  different  temperatures 
jtnd  in  some  cases  combining  heat  and  agitation.  The  special 
object  in  mind  was  to  find  out  the  effect  of  those  conditions  commonly 
used  in  pasteurizing  milk. 

In  the  case  of  milk  pasteurized  by  the  *'  flash  "  system,  samples 
containing  4  per  cent  of  COi  by  volume  were  found  after  pasteuri- 
zation to  contain  not  more  than  2  per  cent. 

Numerous  samples  of  market  milk,  pasteurized  at  143^  F.  and 
bottled,  were  examined  30  to  36  hours  after  pasteurization  and 
foimd  to  contain  1.5  to  2  per  cent  of  COs  by  volume. 

Milk  heated  at  143^  F.  for  30  minutes  was  examined  before  and 
after  being  subsequently  cooled  to  42^  F.  The  amount  of  CX)t 
found  was  the  same  in  both  cases,  2  per  cent. 

Fresh  milk  containing  4  per  cent  of  COs  by  volume  was  heated 
at  145^  F.  without  agitation,  for  different  periods  of  time,  with  the 
following  results: 

Minutes  heated:  2         3         4         5        10       12       20         30 

Per  cent  of  COh  by  volume:     8.5      3.0      2.5      2.5      2.5      2.5      2.5        2.5 

A  sample  of  milk  after  being  heated  for  30  ininutes  at  172^  F. 
without  stirring  was  foimd  to  contain  2.5  per  cent  of  COs  by  volume. 
Another  sample  heated  at  143^  F.  with  stirring  for  30  minutes  lost 
all  of  its  COs. 

By  the  methods  of  pasteurization  commonly  employed,  pasteurized 
milk,  as  found  in  the  market  by  us,  seldom  contains  more  than 
2.5  per  cent  of  COs  by  volume  and  usually  contains  less. 

DISTINCTION  BETWEEN  HEATED  AND  UNHEATED 

MILK 

Taking  into  consideration  all  the  results  of  our  work,  it  appears 
that,  under  the  conditions  to  which  normal  unheated  milk  is  sub- 
jected in  its  handling  from  the  time  of  milking  to  the  time  of  delivery 
to  the  consumer,  t&  percentage  of  COs  by  volume  rarely,  if  ever» 
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drops  below  3  and  seldom  below  3.5,  while  subjection  of  the  milk 
to  the  conditions  of  heating  used  in  pasteurization  reduces  the 
percentage  of  COs  by  volume  to  2.5  or  less.  Therefore,  it  appears 
safe,  in  general,  to  assume  that  milk  containing  less  than  2.5  or  3 
per  cent  of  00%  by  volume  has  been  heated  to  the  temperature  of 
pasteurisation. 
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INSECT  INJURIES  IN  RELATION  TO  APPLE 

GRADING  ♦ 

B.  B.  FULTONt 

SUMMARY 

The  qiedes  of  insects  tibat  attack  apple  fruits  are  described  and 
grooped  according  to  the  character  of  the  injuries  they  produce. 

A  key  for  the  identificatioa  of  the  different  qiecies  is  included,  and 
permits  ready  recognition  of  the  typical  malformations  of  the  fruits. 

Annual  losses  caused  by  some  species  of  insects  are  large,  and 
the  aggregate  damage  by  minor  forms  assumes  considerable  pro- 
portions. Important  as  are  the  insects  as  factors  in  crop  standardi- 
zation, tiieir  economic  status  rests  largely  on  tiieir  destructiTe 
influence  on  crop  production. 

Mettiods  for  combating  the  individual  insects  are  indicated. 
In  tiie  main,  the  destructhre  agents  are  eflkiently  and  economically 
treated  by  a  routine  system  of  sprayfaig  for  which  directions  are 
giveiL 

INTRODUCTION 

In  the  practice  of  grading  fruit  according  to  the  provisions  of  the 
New  York  Apple  Grading  Law  the  attention  of  the  fruit  grower 
has  quite  naturally  been  called  to  the  great  variety  and  diverse 
character  of  the  insect  injuries  appearing  on  the  fruit  at  picking 
time.  This  has  led  to  an  unusual  number  of  demands  on  the  Station 
for  information  in  regard  to  the  agents  responsible  for  blemishes  on 
the  mature  apples.  The  orchardist  can  readily  see  the  value  of 
greater  knowledge  on  his  part  conoeming  the  distinguishing  marks 
of  the  various  insect  injuries,  which  are,  in  many  cases,  quite  char- 
acteristic and  often  more  conspicuous  than  the  insect  itself.  It 
is  the  piurpose  of  this  bulletin  to  make  such  identification  as  easy 
and  rapid  as  possible,  and  to  show  where  there  is  danger  of  confusion 
of  the  causal  agents. 

*  Baprini  of  Bullefcin  No.  475,  May,  1020. 

t  Formerly  ABostant  Entomologist  of  thia  Station  and  now  cooneoted  with  the 
Oreflon  Agrieultural  Experiment  Station,  Corvallisi  Oreson. 
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Wlien  the  grower  has  once  learned  to  ract^nue  the  various  defects, 
he  can  easily  tell  which  insects  are  least  under  control  in  his  orchard, 
and  can  modify  his  spraying  practices  accordingly.  Since  the  better 
classes  of  graded  fruit  are  more  valuable  it  is  important  to  reduce 
the  number  of  blemished  apples  to  the  lowest  percentage  poeaible. 
The  New  York  Standard  Fancy  Grade  permits  no  more  than  5  per 
cent  of  all  defects  of  color,  sh^ie,  dirt,  and  insect  or  fungus  injury, 
nor  more  than  2  per  cent  of  any  single  defect.  The  Standard  A  and 
B  grades  have  limits  of  10  and  15  per  cent,  respectively,  for  all 
defects  combined,  and  6  per  cent  on  any  tingle  defect.  In  order  to 
Buccesefully  pack  &p;^  in  these  grades  it  is  obvious  that  tiie  sbaod- 
ard  ot  quality  for  the  whole  orchard  must  be  high. 

In  this  bulletin  only  those  insects  are  ooosidered  which  attack 
the  fruit  itself,  altho  the  extant  of  this  injury  is  not  always  a  measure 
of  the  damage  caused  by  a  particular  species.  Many  serious  peets 
do  not  work  on  the  fruit  at  all.  There  are  some  insects  which  destroy 
more  fruit  than  is  apparent  from  the  results  at  {Hcldng  time,  as  for 
example,  bud  moth  larva  and  leaf  rollers  which  cause  many  of  the 
young  fruits  to  drop  so  that  evidence  of  the  injury  is  not  prcaent 
later  in  the  season. 

METHODS 
During  the  summer  of  1917,  experiments  were  conducted  to 
establish  beyond  doubt  the  identity  of  various  types  <d  injuries 
found  on  i4>ples  at  ptddng  time.  To  accotn- 
pliah  this,  light  cages  were  ocostruDted  which 
could  be  attached  to  a  fruit  spur.  (See  Fig.  20.) 
By  this  method  one  insect  could  be  confined  to 
a  cluster  of  fruit  without  contamination  by  other 
species  so  that  the  agent  reepcwsible  for  the 
injury  could  be  determined.  Fruit  clusters  were 
examined  carefully  before  being  used  so  that  only 
perfect  specimens  would  enter  into  the  experi- 
ment. The  cages  renuuned  on  the  trees  until 
tiie  injury  dev^ped  characters  which  could  not 
be  confused  with  any  other,  after  which  they 
_  were  removed,  leaving  the  taffi  for  identifica- 

ti<Ni  attached  to  the  tree  until  the  fruits  matuied 
and  were  harvested. 
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The  cages  were  made  as  follows:  Two  copper  wires  of  No. 
16  gage,  about  two  feet  long  were  twisted  together  tightly 
at  the  middle,  the  ends  spread  at  right  angtes  to  each  other, 
and  curved  aroimd  as  if  enclosing  a  baQ.  The  tips  were  bent  so 
as  to  run  parallel  for  about  two  inches.  The  frame  was  then  fitted 
around  the  fruit  cluster  and  the  straight  ends  of  the  wires  fastened 
to  the  twig,  after  first  padding  it  with  a  layer  of  cotton.  If  the 
frames  are  made  so  that  one  wire  will  be  a  few  indies  longer,  this 
end  can  be  used  to  wind  around  the  others  to  hold  the  frame  in 
place.  After  the  insect  was  placed  on  the  cluster  a  gauze  bag, 
preferably  black  in  ccloTy  was  slipped  over  the  frame  and  tied  at 
the  base.  For  this  purpose,  a  silk  material  known  as  mousseline 
de  soie  was  used  at  first,  but  later  a  cotton  crinoline  with  an  open 
weave  was  adopted.  Pieces  of  the  materiid  twice  as  long  as  the 
desired  width  of  the  bag  were  cut,  folded  once,  and  seamed  along 
the  other  two  sides  with  a  sewing  machine.  By  this  method  a 
quantity  of  the  bags  could  be  made  easily  and  quickly. 

Another  series  of  experiments  consisted  in  making  various  mechan- 
ical injuries  on  the  fruit,  in  a  manner  similar  to  the  work  of  certain 
insects.  These  consisted  of  pin  pricks,  deep  and  shallow  cavities, 
and  holes  about  1  mm.  in  diameter  drilled  into  the  flesh.  The  injuries 
were  made  at  intervals  of  two  weeks.  It  was  most  interesting 
to  note  the  similarity  of  development  between  the  imitation  worm 
holes  and  those  made  by  the  insects  themselves  at  the  same  time. 
The  early  wounds  resulted  in  a  different  kind  of  a  scar  from  that 
following  later  injuries  and  both  types  corresponded  to  early  and 
late  injuries,  respectively,  by  caterpillars. 

KEY  FOR  IDENTIFICATION  OF  INSECT   INJURIES  TO 

MATURE  APPLES* 

PAOS 

A.  Burrows  in  the  interior  of  the  fruit  or  mines  beneath  the 
surface. 

1.  With  a  cavity  about  the  core  or  a  small  burrow  leading 
toward  the  core;  often  with  some  surface  feeding  or 
mining  around  the  entrance  hole. 

Codling  moth 362 

^Fortbar  dMcriptioa  of  the  mjurief  majr  be  foiad  oa  the  pages  indicated. 
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2.  Feeding  cavity  usually  an  irregular  blotch  mine  just 
beneath  the  skin;  a  few  winding  tunnels  deeper  in  the 
flesh. 

Lesser  apple  worm 364 

Oriental  fruit  moth 365 

3.  With  numerous  winding  brown  streaks  and  burrows  of 
small  sise  in  aU  parts  of  the  flesh. 

Apple  maggot 366 

B.  Scars  or  open  cavities,  having  a  smooth  ''  russeted  "  surface 
or  a  scaly,  corky  surface;  usually  accompanied  by  more  or 
less  distortion  of  the  fruit. 

1.  Pale  brown  semicircular  or  round  scars,  |  inch  and 
smaller,  situated  in  a  depression  or  sometimes  pro- 
truding; when  numerous  fruit  is  knotty. 

Plum    curculio    (early   oviposition   and 
feeding  punctures) 375 

2.  Pale  brown,  smooth  scars  with  thin,  scattered,  dark 
brown  scales;  usually  in  a  depression  or  pit. 

Green  fruit-worms,  leaf  rollers,  and  other 
early  apple  worms 368 

3.  Scars  and  open  cavities  with  a  thick  hard  surface,  which 
is  often  broken  up  into  dark  brown  corky  scales. 

a.  Mostly  shallow  excavations. 

ObUque-banded  leaf-roller,  2nd  brood 371 

White-marked  tussock-moth 371 

b.  Deep,  irregular  pits. 

Rose  chafer 379 

4.  Circular  scars,  depressed  in  center,  |  to  }  inch  diameter. 

Casebearers    (early  feeding  punctures), 
unconmion 380 

C.  Holes  or  open  cavities,  made  in  nearly  mature  fruit;  flesh 
where  exposed,  dried,  but  not  hard  or  corky;  no  distortion  of 
fruit. 

1.  ShaDow  holes  or  areas  of  surface  feeding,  usually  imder 
leaf  fastened  to  fruit. 

Bud  moth. 372 

Oblique-banded  leaf-roUor,  2nd  brood. . . .  371 
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2.  Hole  accompanied  by  more  or  less  mining  imder  the 
surface. 

Codling  moth  (late  individual) 362 

3.  Round  holes  Vy  inch  to  i  inch  wide  leading  into  a 
rounded  cavity  somewhat  larger  than  the  opening. 

Plum  curculio  (late  feeding  punctures)  . .  375 

4.  Small  round  holes,  less  than  iV  inch  wide,  leading 
into  a  small  shallow  cavity  under  the  skin. 

Casebearers 380 

D.  Dimples  or  fimnel-shaped  pits  in  the  surface  of  fruit. 

1.  With  a  brown  scar  at  the  bottom. 

a.  Irregular  depressions;  scars  rounded  or  semi- 
circular. 

Plum  curculio  (early  feeding  punctures)..  375 

b.  S3anmetrical  funnel-shaped  pits  with  small  roimd 
scar.  A  section  cut  thru  center  of  pit  shows  a  dark 
hardened  line  leading  toward  center  of  apple. 

Apple  curculio 376 

2.  Funnel-shaped  pits  or  depressions,  usually  without 
scars  but  sometimes  with  irregular  spreading  russeted 
areas. 

Red  bug 373 

3.  Slight  dimples  or  depressions  with  a  minute  black  speck 
in  the  center;  sometimes  depression  is  lacking. 

a.  Flesh  of  apple  with  winding  brown  streaks  or 
burrows. 

Apple  maggot  (egg  punctures) 366 

b.  With  a  thin  line  of  hardened  tissue  leading  from 
black  speck  to  core;  seed  beneath  containing  a 
maggot. 

Apple-seed  chalcid 381 

E.  Round  red  spots  with  flat  gray  scales  in  center. 

San  Jose  scale G78 

F.  Small  cluster  apples  wrinkled  at  calyx  end. 

Ro^  apple  aphis 377 
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DESCRIPTION    OF    INSECT    INJURIES    AND    THEIR 
PREVENTION 

CODIINQ  UOTH 

(Cctrpocapaa  pmwmeUa  Linn.) 
Tlie  larva  of  the  oodliog  moth  ia  by  far  the  meet  deatruetiTe  enemy 
of  the  f^ple  and  ia  the  conuuon  cause  of  wormy  fruit.     There  are 
two  broods  of  the  insect  during  the  Buiiuner  and  larve  may  be 
found  at  ai^  time  after  the  fruit  is  about  three  weeks  old. 

Injury. — Externally  the  injury 
t^  this  insect  appears  as  the  en- 
trance hole  ti  the  newly  hatched 
worm  or  as  the  exit  hole  of  the 
mature  larva.  The  worm  spends 
most  of  ita  life  feeding  upon  the 
core  and  seeds,  bo  that  the  in- 
terior of  a  •wormy  apple  ahows  s 
lai^  cavity  partly  filled  with 
smaQ  peUetB  of  brown  excrement 
loosely  fastened  together  by  a 
web.  The  majority  c^  the  spring 
brood  enter  the  closed  calyx  cup 
and  aflerfeeding  a  little  within 
Pio.  21.—  CoDLiNo  Mo™:  0,  Em  Kou;  (he  cavity  barin  to  tunnel  toward 
riin»*Mc».  the  core.     (See  Fig.  21,  6.)    The 

only  external  evidence  of  such  an 
wtrance  appears  in  the  form  of  masses  of  brownish  excrement  pio- 
bwling  from  the  bloescon  end  cf  the  apple. 

Part  of  the  larvs  of  the  first  brood  and  the  majority  of  the  second 
Ittood  enter  at  some  point  other  than  the  calyx  cup.  This  may  be 
beeide  ihe  stem  or  in  the  hollow  part  of  the  apple  just  outside  ui  the 
calyx  lobes.  Entrances  in  the  side  of  the  apple  are  very  common 
and  the  larvse  seem  to  prefer  to  start  feeding  in  some  blemish  or 
Bcar  on  the  surface  of  the  fruit  or  at  a  point  of  contact  with  a  leaf 
or  another  apple.  Sometimes  the  worm  dies  after  giuning  an 
entrance  so  that  the  only  injury  is  a  tiny  hole  with  a  small  dis* 
colored  area  surrounding  it,  commonly  known  as  a  sting.  Before 
tunneling  to  the  core  the  second  brood  larvie  generally  spend  some 
time  feeding  on  the  surface,  or  mining  just  beneath  the  skin.     The 
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effect  18  often  ooiwpicuous,  espedally  on  pale  colored  apples,  on 
account  of  the  surrounding  reddish  discolored  area.  (See  Fig.  21,  c 
and  Plate  II,  fig.  1.) 

The  most  noticeable  injury  caused  by  the  codling  moth  is  the 
lai^  exit  hole  (Fig.  21,  a)  which  is  formed  by  the  mature  worm  usually 
in  the  side  of  the  apple.  This  remains  for  a  time  plugged  near  the 
surface  by  a  loose  mass  of  excrement,  which  is  forced  out  by  the 
larva  when  it  leaves  the  apple  to  spin  its  cocoon. 

The  most  characteristic  feature  of  codling  moth  work  is  the  large 
feeding  cavity  in  the  core.  In  the  case  d  entrance  holes  where  the 
larvae  have  died  it  is  harder  to  be  sure  <tf  the  causal  agent.  Small 
''stings"  can  usually  be  distinguished  by  the  minute  siae  of  the 
entrance  holes.  Entrance  holes  differ  from  late  casebearer  work, 
which  is  rare,  by  the  irregular  course  of  the  larvse  in  the  flesh  instead 
of  a  s}iallow  mine  immediately  surrounding  the  hole;  and  are  unlike 
late  curculio  feeding  punctures,  which  always  have  a  symmetrical 
roimded  cavity  just  beneath  the  surface.  Second  brood  larvse 
feeding  under  a  leaf  or  between  two  apples  may  cause  an  injury 
very  similar  to  the  later  work  of  the  bud  moth  or  oblique-bauded 
leaf-roller;  but  it  is  usually  confined  to  a  smaU  area  and  is  mostly, 
or  in  part,  mining  beneath  the  skin.  Egg  pimcture  scars  caused 
by  apple  maggot  may  resemble  small  "  stings  "  but  the  characteristic 
timnels  in  the  flesh  usually  permit  accurate  identification  of  this  pest. 

ConbroL —  The  codling  moth  is  most  efficiently  combated  by  spray- 
ing with  an  arsenical  as  petals  drop  so  as  to  fill  the  calyx  cups  with 
poison.  A  large  percentage  of  the  worms  gain  entrance  into  apples 
thru  the  blossom  end  and  it  is  necessary  to  get  the  poison  inside 
before  the  calyx  lobes  close.  If  the  orchiuxl  is  large  it  may  be  neces- 
sary to  commence  spraying  when  two-thirds  of  the  petals  have  fallen 
in  order  to  complete  the  application  before  the  calyx  lobes  form  a 
tight  roof  over  the  cavity.  All  trees,  whether  canying  a  crop  or 
not,  should  be  sprayed  at  this  time.  Failure  to  secure  satisfactoiy 
control  is  usually  due  to  the  lack  of  careful  spraying  or  of  too  sparing 
use  of  spraying  materials. 

A  second  spraying  is  sometimes  made  two  to  four  weeks  later. 
The  earlier  application  is  advisable  if  weather  conditions  are  right 
for  infection  by  apple  scab,  but  for  codling  moth  the  latter  date 
is  usually  best.  The  actual  time  for  most  efficient  control  varies 
with  the  mMn.    Moths  emerge  shortly  after  the  calyx  stage  but 
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are  not  likely  to  depodt  eggfi  until  there  is  an  evtuing  temperature 
of  60°  F.  or  higher  at  eight  o'clock.  The  spray  should  be  implied 
following  an  evening  at  this  temperature. 

To  determine  the  time  of  spraying  for  the  second  brood  oi  codling 
moth  a  buriap  band  may  be  tied  aroimd  a  tree  trunk  to  allow  the 
larrse  to  pupate  under  it.  During  the  latter  part  of  July  this  ^ould 
be  examined  every  few  days,  and  when  empty  pupal  cases  are  found 
within  the  newly  fonned  cocooqb  it  indicates  that  the  moths  have 
emerged  and  the  time  for  sprayii^  is  at  hand.  If  there  is  any  uucet-- 
tainty  as  to  the  proper  time  for  spraying  it  is  best  to  keep  a  coating 
of  lead  arsenate  (m  the  fruit,  but  during  average  seBsons  one  appli- 
cation during  midBummer,  either  late  in  July  or  early  August,  is 
sufficient. 

LESBBB  AFFLS  WOBU 

(Enarmonia  pmniwra  Walsh) 
In  most  localities  the  lesser  apple  worm  does  not  occur  in  vtry 
large  numbers.    The  first  larvee  appear  at  about  the  same  time  as 
those  of  the  codhng  moth,  and  in  the  North  there  are  two  gen- 
erations annually. 

Injury. —  Like  the  codling 
moth,  most  of  the  first  brood 
larvs  start  feeding  around  the 
calyx  or  the  stem,  while  later 
in  the  season  more  of  them 
work  at  the  side  of  the  ^ple. 
Altho  the  injury  by  this  insect 
resembles  that  d  the  codling 
moth,  typical  cases  can  be 
readily  determined  by  the  fact 
that  most  of  the  feeding  is  d(Hie 

F«,22.-L««erApp«Wo«..  "«"    *^«    ™^'«*'   '°«*'«»**    °f 

around  the  core.  The  wmding 
movement  of  the  larvs  while  feeding  results  in  an  irrq^lar  cavity 
just  beneath  the  skin  with  a  few  rambling  tunnels  going  deeper  into 
the  flesh  and  sometimes  even  reaching  the  core.  (See  Fig.  22  and 
Plate  II,  fig.  2,  b.)  Externally,  it  appears  as  an  irr^;ular,  pale-colored 
blotch,  conspicuous  when  on  the  side  of  the  apple,  but  which  might 
easily  escape  notice  when  occurring  around  the  calyx  or  stem. 
Tlu  skin  eventually  becomes  wrinkled  and  sometimes  breaks  fxpai. 
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Apple  maggot  injury  differs  from  this  in  being  more  scattered 
tiiruout  the  flesh  and  can  also  be  distinguished  by  the  numerous 
small  brown  corhy  areas. 

CarUrol. —  The  applications  suggested  for  combating  the  codling 
moth  are  also  applicable  to  the  lesser  apple  worm. 

ORIENTAL  FRXnT  MOTH 

(JiOspeyresia  molesta  Busck) 

The  oriental  fruit  moth  is  a  pest  of  recent  introduction  which  is 
known  to  occur  in  the  southeastern  comer  of  the  State.  The  larvse 
feed  on  the  twigs  and  fruit  ol  the  peach  and  other  common  orchard 
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Fia.  23. — Latmral  Vnw  of  Anal  Siguxnt  of  Lbsssb  Apple  Worm  (a)  and 
CoDLiNa  Moth  (b).  (Afteb  P.  Gabman.)  Ventral  View  of  Anal  Segment 
OF  Qbibntal  Fbuit  Moth  (e).    (After  Wood  and  Selkbboo.) 

fruits.  On  the  apple  the  twig  injiuy  is  slight,  but  it  attacks  the  fruit 
almost  as  readily  as  it  does  the  peach. 

Injury. —  According  to  Gannan*  the  injury  to  the  apple  is  almost 
indistinguishable  from  that  caused  by  the  lesser  apple  worm.  "  Injury 
to  the  exterior  of  the  apple  resembles  that  of  the  lesser  apple  worm, 
but  the  burrows  within  are  usually  more  extensive  and  winding.  The 
burrow  never  extends  straight  thru  the  core  like  that  of  the  codling 
moth  nor  do  the  larv»  usually  feed  upon  the  seeds."  The  larvae 
of  this  insect  and  the  lesser  apple  worm  both  have  anal  forks  which 
distinguish  them  from  the  larvse  of  the  codling  moth.     (See  Fig.  23.) 

Control, —  No  practical  method  for  controlling  this  insect  in  com- 
mercial orchards  has  been  devised.     Arsenical  sprays  afford  only 

1  Maryland  Agr.  Exp.  Sta.  BuL  223,  lOi.    1918. 
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dight  protection,  mnce  the  lame  feed  largely  within  twigs  and  tndt. 
The  immunity  of  the  species  to  common  repreeBive  and  remedial 
meaaures  has  stimulated  aerioua  efforts  to  discover  effectiTe  measuna 
of  protecting  fruit  plantings. 

APPLE  1LU3GOT 

{Rhagoletia  pomoneUa  Wabh) 
The  apple  maf^t  Is  of  minor  importance  in  moet  localities,  but 
in  some  regitms  in  this  State,  especially  where  orchards  are  not 
regularly  sprayed,  it  has  at  times  become  a  pest  of  prime  importasce 
and  has  been  known  to  take 
the  entire  crop  of  an  orchard. 
The  insect  attacks  mainly  sum- 
mer and  fall  varieties  of  apple, 
particularly   those  which    are 
sweet  or  sub-acid.    The  adult 
flies  appear  late  in    June  at 
early  in  July  and  are  present 
thruout  the  summer.    Maggot£ 
m^  be  found  any  time  aft^ 
the  middle  of  July. 
Injury. —  The   tiny  young 
n...  21.-A,™  M^o«„:   tE«.        moeeote  burrow  loDg,  windine 
PimcTuxs.  channels  thru  the  neon  of  the 

apple  (Fig.  24)  and  remain 
small  until  the  fruit  begins  to  ripen,  when  they  conmience  to  grow 
rapidly  and  increase  the  size  of  their  buirowB.  They  soon  destroy 
large  portions  of  the  flesh  and  sometimes  the  whole  interior  of  the 
apple  bec(Hnes  a  rotten  mass.    (See  Plate  II,  fig.  3.) 

Occasionally,  there  is  almost  no  external  sign  of  work  of  the 
apple  maggot  except  some  scattered  brownish  specks  where  the  skin 
of  the  apple  was  punctured  by  the  adult  fly  while  depositing  egg^. 
(See  Fig  24,  a.)  These  tiny  spots  are  usually  in  a  slight  depression  and 
sometimes  have  a  white  waxy  substance  over  them.  Ordinarily,  the 
surface  of  the  apple  shows  brown  irregular  areas  or  winding  streaks 
where  it  has  been  undennined  by  the  maggots.  Often  the  work  of 
the  young  maggots  near  the  skin  of  the  growing  apple  will  result  in  a 
fruit  with  a  bumpy  surface.  Affected  apples  temd  to  drop  prcmatui^. 
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If  the  apple  is  cut  it  wiU  show  numerous,  small,  brownisli,  oorky 
spots  or  streaks,  caused  by  the  tiny  burrows  of  the  young  maggots. 
In  nearly  ripe  fruit,  there  are  also  larger  holes  in  the  flecAi  and  the 
maggots  themselves  may  be  visible.  These  characters  distinguish 
the  work  from  that  of  other  insects;  but  there  is  a  disease  known  by 
various  names,  such  as  bitter  pit,  Baldwin  spot,  cork,  and  dry  rot, 
which  might  be  oouf xised  with  the  work  of  the  maggot  before  the 
latter  has  bc^un  its  final  growth.  The  disease  usually  shows  on 
the  surface  as  small,  nearly  circular  sunken  areas  which  are  fairly 
uniform  in  dbape  and  sise.  (See  Fig  36,  g.)  In  the  flesh  there 
are  brownish  corky  areas  but  no  holes  or  winding  tunnels.  The 
oviposition  scars  on  the  surface  will  also  distinguish  the  work  of 
the  apple  maggot  from  bitter  pit. 

Control. —  Neglected  orchards,  particularly  of  summer  and  fall 
varieties  of  apples,  are  susceptible  to  losses  every  year.  This  is 
especially  true  in  localities  where  little  attention  is  given  to  fruit- 
growing and  low  standards  of  orchard  management  prevail. 
Formerly  eflForts  to  combat  the  pest  were  largely  directed  to  the 
destruction  of  the  wind-^alls,  which  was  often  accomplished  by 
pasturing  the  orchard  with  hogs  and  sheep.  Recently  the  use 
of  arsenicals  has  been  recommended  for  the  destruction  of  the 
fly.^  The  freedom  of  commercial  apple  orchards  in  western  New 
York  from  important  injuries  by  the  insect  is  believed  to  be  due 
to  the  system  of  spraying  that  is  generally  practised. 

To  protect  the  apple  crop  from  maggots,  chief  reliance  should 
be  placed  on  the  use  of  2  or  3  pounds  of  the  paste  arsenate  of  lead 
or  1  to  1.5  pounds  of  the  powdered  form  of  this  arsenical  to  50 
gallons  of  spraying  mixture.  The  first  application  should  be  made 
as  the  adults  begin  to  appear,  either  late  in  Jime  or  early  in  July, 
while  a  second  treatment  should  follow  in  from  two  to  three  weeks. 
In  very  wet  seasons  a  third  application,  about  ten  days  after  the 
second  spraying,  will  be  necessary.  In  determining  the  time  when 
the  flies  first  appear,  it  is  not  considered  safe  to  wait  until  th^  are 
seen  in  the  orchard.  Considerable  damage  can  be  done  by  the  pests 
before  the  creatures  may  be  observed  in  appreciable  numbers  about 
the  trees.    The  time  of  the  first  onergence  of  the  insects  should, 

1  Brittain,  W.  H.  and  Good,  C.  A.  Xova  Sootta  Dept  Agr.  Bui.  9,  1-70.  1917. 
Caesar,  L.  and  Roes,  W.  A.  Ontario  Dept  Agr.  Fhiit  Branch  Bill.  271, 1-^  1919, 
HerriokfQ.  W.    ComeU  Univ.  Agr.  £b^.  Sta.  BoL  402.    192a 


368     Report  or  the  Dbpaktmbnt  of  Entomology  of  thb 

if  posaible,  be  determined  by  breeding  cages,  and  it  is  here  that  the 
local  spraying  expert  can  render  invaluable  service.  It  is  believed 
that  two  years  should  almost  completely  destroy  the  insect  in  any 
orchard,  provided  infested  orchards  are  not  situated  close  by.  In 
such  case  every  eSort  should  be  made  to  have  Uiese  treated  also. 
In  all  orchards,  every  tree,  whether  bearing  fruit  or  not,  should  be 
sprayed  because  the  adults  often  frequent  such  trees  until  egg-]xyiBg 
begins.  Heavy  rather  than  light  apphcations  of  the  mixture  should 
be  made,  especially  if  only  two  are  given,  because  adults  ccntinue 
to  emerge  for  a  period  of  six  weeks  or  more,  and  the  poison  should 
remain  on  the  trees  to  kill  them  before  they  can  lay  their  e^b. 
Heavy  appUcationa  remam  on  longer  than  li^t  applications. 

EABLT  APPLE   W0BM8 

A  characteristic  form  of  injury  results  from  the  feeding  of  cater- 
pillars which  work  outeide  of  the  fruit,  eating  deep  holes  or  shallow 
cavities.    For  convenience  these  have  been  divided  into  two  groups, 
the  early-feeding  worms  and  the  late- 
feeding  worms.  No  sharp  distinctiiai 
can  be  drawn  between  the  two  be- 
cause the  injuries  may  be  caused  at 
any  time  during  the  Bumm^,  but  a 
hole  produced  in  a  small   rapidly 
growing  fruit  will  leave  an  entirely 
different  scar  from  one  made  in  an 
apple  that  is  nearly  full  grown. 
There  are  several  common  species 
of  caterpillars  that  hatch  in  the 
spring  and  feed  upon  the  leaves  and 
young  fruit.    They  crften  eat  deep 
holes  in  the  side  of  the  apples,  scHne- 
tames  going  as  deep  as  the  core  and  in  rare  instances  tunneling  cun- 
pletely  thru.    A  huge  percent^e  <A  the  mjured  iQ)ple6  drop  off,  but 
if  they  are  not  too  severely  mjured  the  wound  will  heal  over  and 
form  a  new  skin.    What  the  fruit  is  mature  the  injmy  appears  as  a 
brownish  scar  with  the  surface  sUghtly  roughened  or  "  russeted  "  and 
more  or  less  covered  with  fine  corky  scales  which  are  the  remains 
of  the  original  callus  formed  soon  after  the  wound  was  made.     (See 
J<^g.  25  and  Plate  II,  fig.  6,  b.)    However,  it  does  not  bear  the  thick, 


Flo.  25.— EABtT  Applb  Wobkb. 
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corky  coating  which  fonns  on  wounds  made  later  in  the  summer. 
The  scar  is  usually  situated  in  a  depression  in  the  fruit,  but  some- 
times, especially  if  small,  it  is  distinctly  elevated  above  the  general  sur- 
face. Deep  or  widespread  injuries  may  cause  distortion  of  the  fruit. 
Several  types  of  injury  might  be  confused  with  these  scars, 
including  scab,  frost,  spray,  or  mechanical  injury,  and  late  fruit 
worm  scars.  An  early  infection  by  apple  scab  fungus  leaves  a 
scar  similar  to  that  described  above  except  that  it  has  a  dark,  sooty 
appearance.  (See  Fig.  36,  /  and  Plate  II,  fig.  6,  a.)  On  the  old 
scars  small  patches  or  scales  of  dark  olive  or  sooty  color  are  sepa- 
rated by  narrow,  sunken  lines  of  light  brown.  If  the  disease  was 
severe  the  fruit  will  be  distorted  and  cracked.  Late  frosts  some- 
times cause  russeted  bands  aroimd  the  apples.  (See  Fig.  36,  c.) 
Spray  injuries  leave  a  rough  scar  but  there  is  no  definite  edge  or 
boimdary  between  the  injured  part  and  the  rest  of  the  surface. 
(See  Fig.  36,  d.)  Mechanical  injury  or  hail  pecks  may  leave  a 
corky  surface  of  dark  sunken  area,  but  here  again  it  is  not  pre- 
cisely limited.  (See  Fig.  36,  a  and  b.)  The  work  of  the  late  apple 
worms  will  be  described  under  that  head. 

GREEN  FRXHT-WORMS 

(Graphtphora  alia  Guen^e,  Xylina  antennata  Walker,  X.  laticinerea 

Grote,  X.  grotei  Riley) 

Among  the  most  important  of  the  early  apple  feeders  are  several 
species  of  medium  sized,  green,  hairless,  caterpillars,  which  hatch 
just  before  blossom  time  and  feed  on  the  leaves  and  young  fruit. 
In  June  they  attain  full  size  and  pupate.  The  moths  emerge  in  the 
fall  or  following  spring.     (See  Plate  I,  fig.  7.) 

Injury. — ^These  insects  are  probably  most  commonly  responsible 
for  the  early  apple  worm  injury  previously  described.  Fruit  worms 
are  apt  to  appear  on  the  trees  in  moderate  numbers  every  year, 
while  the  fruit-tree  leaf-roller,  which  produces  the  same  tjrpe  of 
injury,  is  more  spasmodic  in  its  occurrence. 

Control. — In  general,  the  sprays  applied  before  and  after  blos- 
soming are  the  most  important  for  the  control  of  these  insects.  If 
infestation  is  severe  the  blossom-pink  spray  should  be  put  on  close 
to  blossoming  time  and  should  be  appUed  thoroly,  using  at  least 
6  pounds  of  lead  arsenate  to  100  gallons  of  the  spraying  mixture. 
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The  use  of  a  spray  gun  at  high  pressure  will  result,  to  a  large  measure, 
in  mechanical  control  by  causing  the  young  worms  to  drop  from  the 
trees. 

frxtit-trbb  leaf-boller 

(Archipa  argyrospUa  Walker) 

The  fruit-tree  leaf-roller  in  some  localities  and  in  some  seasons 
causes  greater  loss  than  the  codling  moth,  but  ordinarily  it  is  content 
with  putting  scars  on  a  small  percentage  of  the  crop.  There  is  but 
a  single  brood  annually. 

Injury. —  The  slender,  active,  green  caterpillars  normally  feed 
on  the  leaves  by  rolling  them  up  or  tying  them  together  with  a  web. 
When  a  leaf  comes  in  contact  with  a  young  fruit,  they  will  often 
eat  holes  in  the  latter.  (See  Plate  I,  fig.  8.)  The  work  of  the  leaf- 
roller  is  similar  to  that  of  the  green  fruit-worm  but  on  the  average 
it  probably  causes  a  little  greater  distortion  by  feeding  on  smaller 
fruits. 

Control. —  The  ordinary  spraying  practices  do  not  give  effective 
control  when  this  insect  becomes  abimdant.  The  best  known  means 
of  control  is  a  dormant  spray  in  spring  using  miscible  oil  and  water 
(6  to  100)  or  a  10  per  cent  kerosene  emulsion.  Oil  spra5rs  kill 
most  of  the  eggs  that  are  hit,  and  all  parts  of  the  tree  should  be 
covered,  including  the  main  branches  and  trunk.  The  oil  appli- 
cation is  less  likely  to  injiu^  the  tree  if  delayed  as  near  the  hatching 
time  as  possible,  but  not  later  than  the  delayed  dormant  stage 
shown  in  the  spray  schedule.  (See  Plate  III.)  A  period  of  fair 
weather  for  several  days  following  spraying  is  very  important  for 
good  control. 

If  the  egg  spray  has  been  omitted  some  control  may  be  gained  by 
adding  lead  arsenate  to  the  delayed  dormant  and  following  this  with 
an  additional  application  of  the  arsenical  at  the  rate  of  6  pounds 
to  100  gallons  of  the  spraying  mixture  when  the  blossom  buds  in 
the  cluster  begin  to  separate. 

OTHER  EARLY  APPLE  WORMS 

Altho  the  species  of  green  fruit-worms  and  the  fruit-tree  leaf -roller 
are  the  most  important  insects  which  eat  holes  in  the  young  fruit, 
there  are  many  other  leaf -feeding  caterpillars,  found  on  apple  trees 
during  May  and  early  June,  which  occasionally  produce  tJie  same 


Nbtw  Yobk  AaBicmjTUEAi,  Expeement  SrArrON.         571 

kind  of  injury.  Many  of  tbeee  are  of  nve  or  iDtermittent  occuirence 
while  othera  are  present  in  Bmall  numbers  nearly  every  year.  Prom- 
inent bmong  these  are  the  palmer  worm  (KpsoIopAus  liffuUllue  Hilb.) 
and  the  oblique-b&nded  leaf-roller  (Archips  rotaceana  Harris).  The 
latter  has  two  broods  each  year,  the  firat  of  which  is  present  at 
the  same  time  as  the  singl^brooded  fruit-tree  leaf -roller.  The  bud 
moth  is  known  occaedonally  to  eat  holes  in  the  young  fruit  in  a 
manner  similar  to  that  of  the  leaf-roller  and  green  fruit-worm. 

LATE   APPLE  WOBHB 

During  the  middle  and  latter  part  of  the  summer,  a  number  <tf 
species  <j  caterpillars  appear  on  the  trees  and  several  of  these  occa- 
Bionally  feed  on  the  fruit. 

Injury. —  In  July  and 
August  the  second  brood 
ai  the  obhque-banded  leaf- 
roller  may  be  found  which 
closely  resembles  the 
single-brooded  fruit-tree 
leaf-roller.  The  caterpillar 
fastens  a  leaf  to  the  fruit 
and  feeds  beneath  it.  The 
injury  appears  as  an  ins- 
ular area  of  shallow  exca- 
vation.     (See    Fig.  26,    a.)      j^a.  26.—  La™  Applb  Worms;    n.  Obuqot- 

Larvte  of   the   white-        bandbd    Lbav--kou.bb;    b,    Whitb-iubkxv 
marked     tussock-moth        Toxwcmoth. 

{Hemerocampa  leucoatigma  Smith  and  Abbot)  are  also  known  to  feed 
oQ  apples  occasionally  during  June  and  July,  and  in  some  years 
become  numerous  enough  to  cause  serious  losses  to  the  crop. 

Woimds  made  in  apples  when  they  are  half  grown  or  larger  do  not 
form  a  scar  of  pale  brown  new  sldn  as  in  the  case  of  the  green  fruit- 
wwm  and  other  insects  feeding  in  May  and  early  June,  but  instead 
a  dark,  thick,  corky  callus  fonns  over  the  exposed  flesh  of  the  fruit. 
If  sufficient  growth  takes  place  later,  the  callus  will  crack  and  reveal 
a  paler  brown  surface  between  the  dark  brown  scales.  (See  Fig. 
26,  b.)  In  the  case  of  tussock-moth  injury,  the  scales  are  widely 
separated,  since  most  of  the  feeding  is  done  at  on  intermediate  time. 
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Young  tussock-motiia  nu^  exist  od  the  same  trees  with  nearly  mature 
fruit-wonns,  so  that  at  any  time  during  the  seasoo  ^eternal  feeding 
may  occur  and  no  dividing  line  can  be  drawn  between  early  and  l&te 
injury.  However,  the  tussock-moth  does  not  often  feed  on  fruit 
except  at  the  time  of  an  outbreak  when  tJie  grow^  will  usually  be 
aware  ot  the  cause. 

The  work  of  the  second  brood  of  the  oblique-banded  leaf-roller 
ifi  probably  the  most  common  injury  of  this  type  occurring  late 
in  the  summer.  The  injury  can  be  distinguished  by  the  tliick  corky 
callus  or  if  the  wounds  are  made  in  practically  mature  fruit  a  callus 
does  not  form  but  the  flesh  turns  a  brownish  color  and  dries  out  or 
rots.  Scars  resulting  from  late  feeding  cavities  can  be  distinguished 
from  other  forms  of  injury  by  the  same  characters  as  described 
under  early  apple  worms. 

Control. —  A  spray  applied  ten  days  or  two  weeks  after  the  calyx 
spray  should  be  most  effective  in  the  control  of  the  tussock-moth. 
For  second  brood  leaf-roller  a  spray  applied  about  30  days  after 
the  calyx  spray  and  the  one  for  second  brood  codling  moth,  about 
August  1,  are  most  effective.    Lead  arsenate  is  the  active  ingredient 
for  both  insects.    In  case  of  serious  outbreaks  of  any  caterpillar, 
where  they  have  gained  consider- 
able growth  before  special  con- 
trol measures  are  taken,  an  extra 
thoro  spray  of  nicotine  sulphate 
(1-SOO)  and  soap  (4  lbs.  to  100 
gals.)  may  give  some  rehef. 


{Tmelocera  oceUana  Schiffer- 
mliller) 

The  larvEB  of  the  bud  moth 

web  together  the  young  leaves 

and  blossoms  of  the  growing  buds 

Fw.  27.— Bub  Mom.  and  Uve  within  the  cluster.   Lat» 

they  BCHnetimes  attack  the  young 

apples.    llieTe  is  but  one  brood  annually.    The  small,  dark  brown 

caterpillars  hatch  from  the  ^gs  in  mid-summer,  hibernate  thru  the 

winter,  and  become  full  grown  in  June  of  the  following  year. 
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Iiyury. —  Probably  the  greatest  mjury  by  bud  moth  is  due  to 
the  weakened  conditioD  of  affected  bloeaom  cluBters,  thua  preventing 
in  la^ge  measure  the  setting  of  fruit.  Feeding  cavities  in  the  young 
apples  whidi  ranain,  result  in  a  scar  similar  to  that  caused  by  green 
fruit-vorms.  The  larvs  of  the  new  generaticsi  appearing  in  late 
summer  feed  mostly  on  the  foliage  but  occasionally  may  tie  a  leaf 
to  an  apple  and  feed  on  both.  The  injury  appears  as  small  irr^ular 
areas  of  surface  feeding  and  numerous  shallow  holes,  all  limited  to 
the  space  covered  by  the  leaf.     (See  Fig.  27. ) 

Control. —  Three  erf  the  regular  sprays  contribute  to  the  control 
of  the  bud  moth.  These  are  the  delayed  dormant,  especially  if 
applied  somewhat  later  than  is  advisable  for  aphid  control;  the  bloe- 
som-pink;  and,  oF  less  importance,  the  calyx  spray.  A  spray  gun 
or  any  driving  spray,  under  high  pressure,  gives  the  best  results. 
Open,  well  pruned  orchards  are  least  susceptible  to  bud  moth  attack. 

APPLE  KOD   BUGS 

(Lygidea  mendax  Renter,  HOerocordylus  mtUinus  Seuter) 
There  are  two  species  of  small,  swift-running,  red,  plant  bugs  which 
have  very  similar  life  histories  and  injure  the  fruit  in  the  same  man- 
ner.  The  bright  red  species  hatches 
about  blossoming  time,  while  the 
darker  one  appears  a  httle  earher. 
Both  species  reach  maturity  and 
disappear  late  in  June  or  early  in 
July.    Tliere  is  but  one  generati<xi 
each  year.     The  presence  of  red 
bugs  in  an  orchard  may  be  detected 
early  by  the  appearance  ai  reddish- 
brown  spots  <Hi  the  young  terminal 
leaves.    (See  Plate  I,  fig.  5.) 

Injury. —  Apples  injured  by  red 
bugs  bear  shallow  dimi^es  or  fun- 

nel-ahaped  pits  and  if  these  are  Pio.  28.— Aww  Rro  Bm 

numerous  the  fruit  is  considerably 

deftmned.  (See  Fig.  28  and  Plate  II,  fig.  5.)  The  damage  is  done 
hy  the  insect  piercing  the  flesh  of  the  young  apple  with  its  beak 
while  feeding.     This  has  a  greater  destructive  effect  than  a  mere 
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pin  prick.  By  the  manipulation  of  the  beak  or  by  the  toxic  actioD 
of  some  secretion  from  the  insect  a  small  portion  of  the  growing 
pulp  just  beneath  the  skin  is  destroyed.  Growth  is  retarded  at  this 
point  and  eventually  a  funnelnshaped  pit  is  formed.  When  very 
yotmg  fruits  are  attacked  greater  distortion  follows.  In  our  experi- 
ments this  was  the  only  conspicuous  effect;  but  Knight^  describes 
instances  in  which  the  growth  of  the  apple  caused  a  rupture  of  the 
skin,  resulting  in  irregular  scars  or  russeted  areas.  This  form  of 
injury  has  been  noted  in  a  number  of  orchards  where  red  bugs  were 
exceptionally  abundant  and  is  well  illustrated  in  Plate  IV,  fig.  1. 

The  work  bears  considerable  resemblance  to  that  of  the  plum 
and  apple  curculios.  A  knotty  pitted  apple  resulting  from  the 
early  feeding  of  plum  curculio  can  usually  be  distinguished  by  the 
presence  of  roimd  or  semicircular  scars  accompanjring  the  pits. 
In  the  case  of  red  bugs  the  pits  on  a  ripe  apple  are  usually  enth^y 
smooth  or  with  an  irregular  area  of  roughened  or  ''  russeted  "  skin. 
The  pits  caused  by  apple  curculio  can  be  identified  by  cutting 
into  the  apple  to  disclose  the  corky  path  of  the  insect's  long  beak 
thru  the  flesh  of  the  fruit. 

« 

Apples  severely  injured  by  red  bugs  have  hardened  areas  in  the 
flesh  beneath  the  pits,  which  make  them  undesirable  for  cooking 
purposes;  but,  according  to  a  correspondent,  they  can  be  utilized 
by  running  the  cooked  material  thru  a  colander,  to  obtain  a  smooth 
apple  sauce. 

Control. —  The  red  bugs  are  difficult  insects  to  control  by  growers 
who  do  not  practise  high  standards  of  spraying,  but  experience  has 
demonstrated  very  clearly  that  these  pests  can  be  efficiently  combated 
by  adding  nicotine  sulphate  to  the  blossom-pink  and  calyx  sprays. 
For  the  last  few  years  the  latter  spray  has  been  most  effective,  due 
to  the  greater  prevalence  of  the  later  hatching  species.  For  extreme 
infestations  it  may  be  advisable  to  give  an  extra  drenching  spray 
of  nicotine  sulphate,  1  pint  to  100  gallons  of  water,  to  which  has  been 
added  4  or  5  poimds  of  soap.  A  bright  warm  day  is  the  best  time 
for  the  application,  and  on  account  of  the  activity  of  the  insect  it 
is  better  to  spray  each  tree  all  the  way  around  before  going  to  the 
next.  Care  should  be  taken  to  reach  the  under  sides  of  the  leaves 
on  all  terminal  growth. 

^Oom«Q  Univ.  Agr.  Exp.  Sta.  BuL  308.    1918. 
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fluu  cubcuuo 
{Conotrachdua  neimpliar  Herbet) 

Altho  more  destructive  to  the  stone  fniits,  the  plum  ourculio 
causes  considerable  damage  to  apples  by  disfiguring  the  surface 
with  the  feeding  and  oviposition  punctures  of  the  adults.  The 
beetles  appear  in  the  spring  and  continue  their  work  from  the  time 
the  fruit  sets  until  the  end  of  the  summer. 

Injury. —  As  a  result  of  the  extended  period  of  activity  several 
kinds  c^  injuries  m^  appear  on  the  ripe  fruit.    The  earliest  injuries 
appear  as  brownish  scars,  usually  semicircular  in  shape,  and  often 
have  a  trace  of  a  groove  or 
depression  on  the  straight  side. 
(See  Fig.  2d,  a.)    These  result 
from  the  crescent  shaped  ovi- 
position punctures  which  have 
become  expanded  due  to  the 

growth   of   the  fruit.     Early  ^^ 

feeding  punctures  heal  over 
and  leave  only  light  brown 
circular  soars  on  the  skin, 
(See  Fig.  29,  b  and  Plate  II, 
fig.  4) .  These  may  be  situated 

in  a  depression  or,  occasion-  ^^  39.— Pum  CcBcttuo:  a.  Eablt  Eoo 
ally,  may  protrude  slightly  Punctdbm;  b,  Eaxlt  Fininifo  Pomo- 
abmre  the  general  surface,  "i-^  ■■  1-"  f™-- r™"™^ 
Late  feeding  punctures  remain  aa  permanent  cavities  in  the  sur- 
face. (See  Fig.  29,  e.)  The  opening  at  the  surface  may  be  at 
iirst  about  one-sixteenth  of  an  inch  wide,  but  the  cavity  beneath 
has  been  enlarged  by  feeding  beneath  the  skin  aa  far  as  the  beetle 
could  reach  with  its  beak.  A  section  cut  thru  a  feeding  pimcture 
reveals  a  more  or  less  spherical  cavity  one-eighth  of  an  inch  or 
more  in  diameter.  A  ring  of  dark  brown  discoloration  forms 
about  the  opening  which  becomes  enlai^ed  due  to  the  drying  of  the 
akin.  Occasionally,  when  mai^  feeding  holes  are  close  together, 
a  smaQ  area  may  be  so  undermined  as  to  collapse  and  a  large  rotten 
spot  develop.  Mature,  picked  apples  never  contain  the  grubs  or 
larve  oi  the  curculio  because  the  development  of  the  larva  either 
causes  the  fruit  to  fall  early  or  the  groirUL  of  the  ^ple  IdUa  tiie  grub. 
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The  illustratioQ  (Hg.  29)  shows  the  several  lypes  of  injury  on  a 
normally  shaped  apple,  but  if  there  is  an  excess  of  the  early  feeding 
and  oviposition  the  apple  will  be  pitted  and  knotty.  Such  fruit 
may  resemble  the  work  of  the  apple  red  bug;  but  brown,  roimd,  or 
semicircular  scars  will  diHtinguiBh  it.  Curculio  scars  are  different 
from  those  of  the  fruit  worms  in  their  smaller  size  and  less  corky 
surface.  Late  feeding  pimctures  can  be  distinguished  from  codling 
moth  holes  by  their  shallow  depth  and  the  absence  of  excrement. 

Control. —  The  first  two  sprayings  for  codling  moth  also  help 
to  control  the  plmn  curculio,  but  if  the  latter  is  very  numerous 
additional  applications  may  be  advisable.  Headlee^  states  that 
"  satisfactory  control  of  the  plmn  curculio  on  apple  has  been  obtained 
thru  maintaining  a  coating  of  summernstrength  commercial  lime- 
sulfur  (1  gallon  to  40  gallons  of  water)  and  arsenate  of  lead  (2  pounds 
to  50  gallons)  on  fruit  and  foliage  from  the  fall  of  blossoms  until 
a  period  of  three  weeks  has  passed.  To  maintain  this  coating,  the 
ordinary  spraying  schedule  must  be  modified  by  substituting  for  the 
spray  recommended  ten  days  after  the  blossoms  drop  a  treatment 
one  week  or  less  after  the  blossoms  fall  and  another  treatment  ten 
days  later."  The  best  horticultural  practices  are  foimd  to  be  most 
unfavorable  for  the  development  of  the  curculios.  Clean  farming 
reduces  the  hibernating  quarters  of  the  beetles,  and  frequent  shallow 
cultivation  between  July  10  and  August  10  destroys  many  oi  the 
pupsB  in  the  ground.  Open,  cultivated  orchards  are  least  infested 
with  curculios  because  (Urect  sunlight  kills  the  larvse  in  the  fallen 
apples. 

APPLE  CUBCUIilO 

(AfUhonomus  quadrigibbua  Say) 

Hie  apple  curculio  breeds  abundantly  in  wild  crab  and  thorn 
apples,  but  is  of  much  less  importance  in.  apple  orchards  than  its 
relative,  the  plum  curculio.  The  beetle  resembles  the  plum  curculio 
but  has  a  slender  bill  nearly  as  long  as  the  body.  The  adults  appear 
and  begin  feeding  and  ^g-laying  in  the  young  fruit  just  after  the 
blossoms  drop,  and  continue  work  until  about  the  middle  of  July. 
The  second  brood  of  beetles  do  little  feeding  but  go  into  hibernation 
soon  after  emerging. 

^N.  J.  Acr.Ezp.Stft.Rpt  1018, 16-17.    1910. 
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Injury. —  Externally  the  injury  ^yy  tiie  apple  curculio  appears 
usually  as  a  deep  depreesioD  with  a  small  ecar  at  the  bottom. 
A  section  cut  thru  the  center  of  the  pit  shows  a  thin  hardened  core 
leading  toward  the  heart  of  the  apple  and  terminating  in  a  small 
cavity  made  by  the  long  beak  of  the  insect.     (See  Fig.   30,  b.) 
Occasionally  the  area  around  the  puncture  becomes  elevated  so  that 
the  pit  appears  as  a  crater-like  hole  at  the  summit.     (See  Fig.  30,  c.) 
Late  oviposition  cavities  do  not  cause  a  deep  pit  to  develop  and  are 
about  one-eighth  of  an  inch  deep  and  half  as  wide,  with  a  small  opening 
at  the  surface.     (See  Fig.  30,  a.)    The  development  of  a  young  grub 
within    the    fruit  does  not 
always  cause  it  to  faJl  but 
it  becomes  stunted  and  shriv- 
eled  and  _after  the  insect 
leaves  it  dries  up. 

Control. — The  insects 
Uirive  tmly  in  crowded,  un- 
cultivated orchards,  so  that 
proper  pruning  and  dean  cul- 
tivation are  the  best  preven- 
tive r^ulatious.  Id  case  of 
an  infestation  by  this  insect 
the    wild    crab    and    thorn 

apples  in  the  vicinity  should   Fia30.-Ai.piJi  Ctmcuuo:    a,  Lin  Eoo 
,        ,  J      __  ■      J       PxjucTumaa;  b,  Fmdinq  Punotobi;  e,  Asia 

be  destroyed.    The  orchard      Abound  FumNa  Puncturh. 
should  be  cultivated  and  the 

infested  apples  which  drop  should  be  fed  to  stock  or  raked  every 
few  days  into  the  sunlight,  which  is  fatal  to  both  iarm  and  pupe. 

HOST  APPLB  APme 

{Aphis  Borbi  Kilt) 
Two  c(Hnmon  species  of  apple  aphids,  the  rosy  apple  aphis  and 
the  green  apple  aphis,  may  be  responsible  for  the  abnormal  develop- 
ment erf  fruit  described  below.  The  destructive  work  of  the  ro^ 
apple  aphis  is  confined  to  a  period  of  about  two  months  in  the  spring, 
but  it  has  greater  power  for  malformation,  and  is  more  crft^  the 
causal  agent  than  the  green  apple  aphis  which  remains  on  the  trees 
thniout  the  year.    The  rosy  aphis  hatches  when  the  young  leaves 
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are  begjnning  to  appear  at  the  tips  of  the  buds,  usually  the  Utter 
part  at  April,  and  the  last  of  the  wiaged  females  leave  the  tree? 
the  ktter  part  of  June.     (See  Plate  I,  fig.  9.) 

Injury. —  A  bad  infestatioQ  of  ro^  aphis  on  a  fruit  spur,  in  some 
way  not  well  understood,  <^ten  causes  all  of  the  apples  to  set  and  the 
result  is  a  cluster  of  small  under-devdoped  fruit.  The  characteristic 
cluster  apple  ia  compreesed  f  rem  pole  to  pole,  the  calyx  ead  is  slightly 
expanded  and  presents  a  broad,  flattened  area,  while  the  portion 
immediately  surrounding  the  calyx  is  much  wrinkled  and  puckered. 
(See  Fig.  31.)  Frequently  the  growth  <£  one  ude  of  the  apple  is 
greatly  inhibited  so  that  a  lopsided  fruit  results. 

Recent  work  by  this  Statitm' 
has  shown  that  besides  a  reduc- 
tion in  the  size  of  the  fruit,  there 
is  a  decrease  in  the  weight  of  the 
seeds.  The  amount  of  variation 
in  the  above  characters  is  greater 
for  aphis  apples  than  for  normal 
fruit.  Apples  under  30  mm.  in 
diameter  are  often  sterile  or  have 
only  a  few  aeeds. 

Control. —  By  deli^ring  the  dor- 
mant spray  until  the  buds  show 
green    at  the    tip,    the    newly- 

~     ~,     n       .         .  hatched  aphida  which  coDgregate 

Fio.  31.—  RosT  Applb  Aphis.  ,  '       ,      ,  ,„    ,  ,     *^  *■ 

on  them  can  be  killed  by  adding 

nicotine  sulphate  to  lime-sulphur  solution  at  winter  strength.    The 

spray  should  be  apphed  before  the  leaves  have  s^iarated  enou^ 

to  allow  the  aphids  to  conceal  themselves  and  care  should  be  takoi 

to  spray  all  the  buds  thoroly. 

SAN  JOSE  SCALE 

{Aifpidioius  pemiciosua  Comstock) 

This  well-known  insect  nonnally  lives  on  the  bark,  but  when 

abundant  many  of  the  larv»  wander  to  the  fruit  and  leaves,  vihm9 

they  settle  down  and  form  Uieir  scale  covering.    The  larvie  appear 

N.  Y.  Agr.  E^.  8ta.  Tadi. 
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between  the  middle  of  June  and  the  middle  of  July,  d^>endiDg 
on  liie  seaacHi,  and  are  in  evidence  thruout  the  summer. 

Injury, —  On  the  fruit  the  scaleB  hove  a  tendency  to  cluster  about 
the  calyx  and  stem.  A  reddish 
discoloration  <rf  the  skin  forms 
about  each  insect  as  a  circular 
spot,  considerably  wido*  than 
the  scale  itself.  (See  Fig.  32 
and  Plate  I,  figs.  1  and  2.) 

When  the  fruit  is  badly  in-  i 

fested  the  scales  overlap  and 
form  a  grayish  scurvy  depoeit 
on  the  surface. 

Orchards  situated  near  an 
apiary  may  bear  a  few  apples 
having  a  alight  blemish  due 

to  a  drop  of  e:c™m«it  tnm  ^  3l-S»  Jou  Sc«.. 

Dying  bees.    A  red  area  forma 

around  the  small  pellet  giving  it  the  appearance  of  a  scale  on  the 
fruit.    OUier  orchard  scales  rarely  occur  on  the  fruit. 

Controi. —  The  standard  remedy  for  San  Jose  scale  is  lime-sulphur 

sohition,  used  while  the  trees  are  dormant  or  just  as  the  buds  show 

green  at  the  tip.     (See  the  table  on 

page   394    for   directions    for    the 

dilution  of  lune-sulphur.) 

Rose    CHAFSB 

(Maarodaetylua  subsptTiosus  Fab.) 
In  BBDiy  r^ona  rose  chafers  <rft«i 
become  suddenly  abundant  and 
cause  great  injury  to  crops  within  a 
very  short  time.  There  is  but  one 
brood  of  the  beetles  annually,  and 
in  New  York  State  they  emerge 

Pta.  ».-  Roa.  CHA«a.  *^"*  ^  "'^"^^  °*  •^"°^-     ^n  ao 

count  of  the  large  size  of  the  apples 
at  this  time  the  amount  of  deformation  is  only  shght  compared  to 
the  extent  of  tiie  injury. 

/»^7«ry.— The  large  irregular  holes  which  the  beetles  excavate 
in  the  sides  of  the  fruits  do  not  heal  over  like  wounds  made  early 
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in  the  season,  but  form  a  thick  corky  callus,  tlie  surface  of  itidcb 
often  becomes  cracked  ia  the  bottom  of  the  cavity.  (See  Fig.  33.) 
If  the  injuries  are  too  extensive,  as  oftoi  h^ipena  when,  the 
beetles  are  numerous,  rot  starts  around  the  holee  and  tlte  apple 
drops. 

Control. —  Many  methods  have  been  used  in  an  attnnpt  to  cottid 
this  pest  but  most  of  them  have  been  unsucceselul  Ordinary 
poiatm  sprays  fail  to  protect  the  plants,  but  sweetened  arsenical 
sprays  have  sometimes  given  partial  control.  The  formula  for  the 
latter  is  8  pounds^ctf  lead  arsenate  and  2  fpilltms  of  chet^)  molassee 
to  100  galltms  aS  water. 


(Coleophora  fietctureUa  Fer- 
oald,  C.  malivordiaRJ]ey) 

There  are  two  species  of 
casebearers  on  apple,  the 
cigar  casebearer  and  the 
pistol  casebearer.  Both  in- 
sects have  but  one  brood  a 
year.  The  casebearers  usu- 
ally feed  on  the  leaves  by 
mftlrinjf  small  mines  in  them, 
but  they  occasionally  feed 
on  the  fruit  both  irfien 
young  and  later  in  the  year.  The  work  is  similar  to  that  on  the 
leaves  and  consists  of  a  small  round  hole  with  a  shallow  cavi^ 
exten^ng  in  all  directions  for  a  short  distance.  (See  Plate  I,  6g.  4.) 
Injury. —  The  work  on  the  young  fruit  develops  into  small  round 
corky  scars  with  a  depressed  center.  (See  Fig.  34,  a.)  The  smaO 
and  shallow  feeding  punctures  of  this  insect  do  not  give  rise  to 
distortions  such  as  accompany  curcuho  scars,  and  are  much  less 
common.  Late  casebearer  feeding  punctures  in  fruit  appear  as  a 
tiny  hole  opening  into  a  small  cavity,  and  surrounded  by  a  ring 
of  black,  dried  akin.  (See  Fig.  34,  b.)  Sometimes  a  whitish  emdate 
appears,  lliese  are  similar  to  the  late  curculio  punctures  except 
for  their  smaller  size,  aad  closely  resemble  certain  "  stings  "  by 
late  codling  moth  worms  in  cases  where  the  young  worm  dies  or  leaves 
the  hole  after  entering. 
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Control. — Tbe  anneal  spraya  used  in  the  i^^ular  spr^ing 
schedule  keep  these  ioeecta  under  control,  the  firat  two  being 
most  effective.  ThB  insect  seldom  causes  serious  injury  in  well- 
ngulated  wcbaids  in  this  State. 

APPLB-BEBD   CBALCID 

(SyntomaspU  drupamm  Boh.) 

The  apple-«eed  chalcid  is  of  little  eocnomic  importance,  since  it 
affectfi  the  seeds  more  than  the  flesh  oi  the  apple  and  usually 
attacks  only  amall-fruited  varieties  and  crab  ^>ple6.    The  adults 
^pear  in  June  and  deposit  eggs  in 
the  seeds  of  the  apples. 

Injury. —  The  only  injury  viable  aa 
the  mature  fniit  is  a  small  black  dot 
often  in  the  center  of  a  shallow  depres- 
aioD.  A  section  cut  thru  the  black  dot 
will  reveal  the  effect  of  the  ovipositor 
of  the  adult  insect  as  a  thin  brownish 
line  of  hardened  tissue  extending  to 
the  oore.  (See  Fig.  35.)  The  seeds 
which  o(uitain  maggots  are  Qexible  aod 
generally  of  a  pale  color. 

Control. —  Because  of  the  slight  de- 
gree of  injury  caused,  control  measures     pg^  35.~AmM-asm>  Chalcid. 
are  not  necessary.    If  preventive  meas- 
ures are  desired,  a  complete  destruction  of  all  ^ples  left  under  the  trees 
in  the  fall  would  be  effective,  since  the  insects  hibernate  in  the  seeds. 

DEPBCrra  OP  APPLES  THAT  MAY  BE  CONFUSED  WITH 
INSECT  INJimiES 
There  are  a  number  of  natural  and  artificial  causes  producing 
a  scabbing  ot  russeting  of  fruit  which  to  the  uninitiated  might  be 
ooofused  with  certain  scars  of  insect  origin  previously  described. 
Scabbing  or  the  formation  of  corl^  tissues  results  from  an  irritation 
of  the  skin  of  the  fruit  during  the  growing  season.  This  may  be 
purely  mechanical,  or  due  to  tiie  action  of  froet,  fungus  growth,  or 
i^Rtty  chemicals  iriudi  kill  the  epidennal  cells  or  disstdve  tiie  waxy 
coating. 
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KECHANIGAL  IMJUBIBB 
When  an  immature  apple  receives  a  bniiBe  from  a  sn^  blow 
such  as  caused  by  a  fallii^  hul  stone,  the  starch  in  the  bruised  area 
is  not  converted  into  sugar  during  the  ripening  prooees,  so  that  the 
injured  part  remains  hard.  Typical  hail  pecks  appear  as  rounded 
sunken  areas  often  of  a  greenish  color  like  an  unripe  fruit  with 
brownish  tissue  beneath  the  skin.  Usually  the  skin  remains  smooth 
and  UDBcarred.    (See  Fig.  36,  a.) 


Fia.  36. —  MALVOBMATioNa  or  Appli  Which  mat  am  CoNFnaKD  with  luasci 
Ixjuaaa:  a,  Haii.  Injukibb:  b,  ItinjKt  at  Rdbbino:  e,  Fsoer  Injubt;  ^  S^uY 
IiiiintT:  «,  StmsuHN;  /,  Scab;  g,  BrnsB  Prr. 

Constant  rubbing  of  a  fruit  against  a  limb  produces  a  rough 
soar  on  the  side  affected.  The  surface  generally  beare  large,  quad- 
rate, corky  scales,  and  the  injury  is  most  pronounced  in  the  cwtw 
of  the  area  where  the  irritation  most  comnumly  occurred  and  is  more 
or  leas  blended  into  the  clear  skin  at  the  edges.    (3ee  Fig.  36,  6.) 

FBOST  INJDBT 

Tlie  injury  ascribed  to  late  frost  is  quite  typical  and  should  be 
easy  to  recognize,  especially  when  many  fruits  from  the  same  tree 
or  orchard  bear  marks  having  essentially  the  moe  characteristics. 
Tha  common  type  of  frost  injury  is  a  russeted  band  extending  oom- 
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pktely  around  the  apple  midway  between  stem  and  calyx.  Some- 
times it  is  located  nearer  the  lower  pole  and  forms  a  ring  around 
the  calyx.  The  margin  is  usually  irregular  or  lobed  and  sometimes 
the  ling  is  broken  into  a  series  of  patches.  It  differs  from  injuries 
due  to  spray  and  rubbing  in  having  a  definite  clear  margin  and  in 
this  respect  resembles  the  work  of  fruit-worms,  but  the  essential 
ring-like  character  of  the  majority  of  specimens  should  distinguish 
it  from  all  insect  work.    (See  Fig.  36,  c) 


SPRAT  INJURY 

Russeted  or  corky  areas  due  to  the  action  of  certain  sprays  are 
marked  by  great  irregularity  and  lack  of  definite  limits.  Often  the 
maiD  part  of  the  scar  blends  into  the  clear  skin  thru  a  series  of  corky 
patches  of  gradually  diminishing  sise.  A  severely  injured  specimen 
is  distorted  in  shape  due  to  inhibition  of  growth  in  the  affected 
portion  and  the  scar  may  bear  wart-like  malformations  or  gaping 
cracks.  The  lack  ci  a  definite  margin  of  the  injured  area  distinguishes 
typical  spray  injury  from  insect  work.     (See  Fig.  36,  d.) 

SUNBURN 

Late  applications  of  spray  appUed  during  a  period  of  hot  bright 
days,  often  produce  a  brown  area  on  the  exposed  side  of  the  fruit, 
which  has  the  appearance  of  being  burned  or  baked.  This  may 
occur  on  trees  that  have  not  been  sprayed  and  is  due  to  excessive 
heat  and  sunUgbt,  or  to  the  lens  action  of  drops  of  water  following 
a  shower.  Sunburn  commonly  appears  as  a  single,  circular  area 
of  smooth,  dark  brown  skin  having  a  baked  appearance.  The  burned 
portion  is  usually  sUghtly  depressed  and  often  developes  a  gaping 
crack  extending  around  the  margin.  There  are  no  insect  injuries 
which  could  be  confused  with  typical  sunburn.    (See  Fig.  36,  e.) 

SCAB 

* 

Early  infection  by  apple  scab  fungus  results  in  a  corky  area  and 
accompanying  distortion  of  the  fruit,  which  bears  a  strcmg  resem- 
blance to  the  work  ci  fruit-feeding  caterpillars.  The  injured  portion 
is  generally  somewhat  circular  in  outline,  unless  several  spots  have 
merged  into  one,  and  the  margin  is  slightly  scalloped  or  lobed,  but 
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there  is  little  tendency  to  blend  into  the  clear  skin.  The 
character  to  diBtingiiiBh  scab  scars  from  fruilrworm  injury  is  one  of 
color.  In  the  f onner  case  the  area  is  broken  up  into  small  patches 
of  thickened  corky  tissue  which  has  a  gre^xish  black  or  sooty  color, 
the  spaces  between  are  brown  while  the  margin  may  be  more  or 
less  silvery.  (See  Fig.  36,  /  and  Plate  II,  fig.  6,  a.)  Caterpillar 
scars  may  have  dark  brown  corky  scales  but  they  lack  the  sooty 
color.  In  case  of  severe  scab  infection  large  open  cracks  devdop 
which  will  distinguish  it  at  a  glance  from  any  insect  injury. 

bitteb  prr 

Bitter  pit,  Baldwin  spot,  dry  rot,  brown  spot,  and  fruit  pit  are 
names  given  to  a  disease  of  obscure  origin,  which  appears  on  the 
surface  as  small  sunken  discolored  areas  associated  with  corky 
brown  masses  of  collapsed  ceUs  within  the  flesh.  The  sunken  spots 
have  a  smooth,  unbroken  skin  and  are  green  or  brown  in  color. 
The  shape  and  size  varies,  but  usually  they  are  roughly  circular  and 
about  one-eighth  of  an  inch  in  diameter.  In  some  cases  all  of  the 
corky  areas  of  the  flesh  are  so  deeply  situated  that  no  surface  marks 
occur.     (See  Fig.  36,  g.) 

Many  apples  affected  with  bitter  pit  bear  a  close  resemblance 
to  those  iitfested  with  apple  maggots  before  the  latter  have  reached 
a  mature  size  so  as  to  leave  unmistakable  holes  in  the  flesh.  The 
distinguishing  characteristics  of  each  are  pointed  out  in  the  dis- 
cussion on  the  maggot  (page  366).  Red  bug  and  aphis  injuries 
have  been  confused  with  bitter  pit  but  the  work  of  these  two  insects 
is  so  characteristic  that  there  need  be  no  mistake  as  to  their  identity. 

SPRAY  DEPOSITS 

Late  sprays,  especially  on  early  varieties,  sometimes  leave  an 
imsightly  arsenical  deposit  on  the  surface  at  picking  time.  A  case 
is  on  record  where  a  city  board  of  health  condemned  quantities  of 
such  fruit  on  the  theory  that  it  had  sufSident  poison  to  be  dangerous. 
While  arsenic  in  toxic  quantities  has  been  reported  in  several 
instances,  the  danger  from  eating  sprayed  fruits  has  generally  been 
greatly  exaggerated.  Chemical  analyses  have  shown  that  it  would 
require  the  spray  from  several  hundred  apples  as  they  are  usually 
treated  in  this  State  to  make  a  minimum  dose  of  poison  dangerous 
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to  human  beinga.  However,  to  overoome  prejudice  in  this  respect 
and  to  prevent  controversy,  as  well  as  to  give  the  fruit  a  better 
i4>pearance,  it  is  sometimes  advisable  to  wipe  it  and  for  this  pur- 
pose cheap  cotton  gloves  are  better  than  a  rag. 

ACTIVITIES  OF  INSECTS  ON  FRUITS  AFTER  HARVEST 

A  glance  at  Chart  VI  will  show  which  insects  are  active  at  the  time 
of  picking  and  consequently  may  be  looked  for  in  piled  or  stored 
fruit.  If  any  injuries  found  in  graded  apples  can  be  identified  as 
the  work  of  early  summer  insects,  the  responsibility  for  their  presence 
can  be  placed  absolutely  on  the  person  packing  the  fruit.  This  is 
most  likely  to  be  true  for  all  other  injuries  but  there  is  always  a 
possibility  that  some  of  the  late  summer  insects  may  escape  obser- 
vation and  be  put  in  storage. 

The  oblique-banded  leaf-roller,  the  bud  moth,  and  casebearers 
have  been  observed  feeding  on  apples  piled  in  the  orchard.  It  seems 
probable  that  the  plum  curculio  might  do  likewise  but  no  notes 
have  been  taken  to  that  effect.  The  more  important  insects  likely 
to  be  found  in  storage  are  discussed  separately. 

CODUNG   MOTH 

Many  instances  have  been  recorded  in  which  codling  moth  larvsB 
have  emerged  from  apples  in  the  store  room  or  in  barrels  and  have 
spun  their  cocoons  in  some  protected  crevice  or  comer  near  by. 
The  codling  moth  worm  has  never  been  known  to  feed  on  more  than 
one  apple  except  in  a  few  cases  where  two  apples  are  in  contact 
while  stiU  on  the  tree.  It  is  practically  certain,  therefore,  that  no 
injury  by  this  insect  occurs  in  apples  kept  in  storage  if  they  were 
soimd  at  picking  time,  altho  the  worms  may  continue  to  feed  on 
infested  fruits  in  storage  if  the  temperature  is  high  enough.  Reports 
of  horticultural  inspectors  bear  out  these  statements  and  also  show 
that  larvs  or  pups  of  the  codling  moth  are  rarely  found  in  storage 
except  among  ungraded  or  "  tree  run'"  apples.^ 

LESSER  APPLE  WORM 

If  the  lesser  apple  worm  were  to  become  more  abundant  it  would 
probably  attract  more  attention  in  stored  fruit.    The  small  mines 

>  Pwiott,  p.  J.    FMm.  Wwt  N.  Y.  Hort  Soe.    1917,  73-81. 
13 


Explanation  of  Platb  I 

Fig.  1. —  San  Joae  scale  on  a  twig.     (Enlarged) 

Fig.  2. —  Portion  of  Fig.  1  greatly  enlaiged. 

Fig.  3. —  Bud  moth  larva  and  work  on  young  leaves. 

Fig.  4. —  a,  Case  of  young  cigar  casebearer;  b,  Cigar  casebearer, 

full-grown  larva  mining  into  apple  leaf;  c.  Pistol  case- 
bearer. 

Fig.  5. —  Red  bugs  on  young  leaves  punctured  by  them:  a.  Adult; 

6,  Young  nymph. 

I*iG.  6. —  Work  of  leaf  blister-mite. 

Fig.  7. —  Gre^i  fruit  worm  on  young  i4)ple. 

Fig.  8. —  Leaf-roller  and  work  on  fruit  and  leaves. 

Fig.  9. —  Rosy  apple  aphis:  a,  Winged  migrant,  female;  b,  WinglesB 

female. 
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Plati  I, —  Somi  Apple  Insecib  Contkollbd  bt  SpRATwa. 
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Explanation  of  Plate  II 

Fig.  1. —  Codling  moth:  a,  Side  injuries  due  to  entrance  of  second 
brood  larvse  or  late  first  brood;  b.  Entrance  hole  of  early 
first  brood;  c.  Exit  hole. 

Fig.  2. —  a.  Late  brood  of  leaf-roller;  6,  Lesser  apple-worm. 

Fig.  3. —  Apple  maggot. 

Fig.  4. —  Plum  curculio:  a.  Late  feeding  punctures;  b»  Scan  from 
early  feeding  and  ^;g-laying  punctures. 

Fig.  5. —  JEled  bug. 

Fig.  6. —  a,  Apple  scab;  b»  Type  of  scar  caused  by  green  fruit  worm 
and  leaf-roller. 


Plate  IT. — Injubies  GomioN  to  Applbs. 


Period  for  spraying 


Delated  dormant 


When  buds  show  green  at  tips 


Blossom-pink 


When  blossoms  show  pink 


Caltx 


When  last  of  petals  are  falling 


Later  sprays  to  be  deter- 
mined by  weather  condi- 
tions. Two  sprayings 
often  made  are  (1)  two 
to  four  weeks  after  calyx 
spray,  and  (2)  about  the 
Ist  of  August,  when  the 
second  brood  of  codling 
moth  appears. 


Materials  in  sprat 
mixtures* 


Lime-sulphur 

(1-8,  winter  strength) 


To  each  100  gallons  add: 


Lead  arsenate  4  to  6  lbs. 


Nicotine  sulphate,  }  pint 


Lime-sulphur 

(1-40,  summer  strength) 


To  each  100  gallons  add: 


Lead  arsenate  4  to  6  lbs. 


Nicotine  sulphate,  1  pint 


Lime-sulphur 

(1-40  summer  strength) 


Insects  and  diseases 

AFFECTED 


Scale 
Blister-mite 


Bud  moth 

Leaf-rollers 

Casebearers 


Aphids 


Scab 


Green  fruit-worms 
Bud  moth 
Leaf -rollers 
Casebearers 


Dark  apple  red  bug 


To  each  100  gallons  add: 


Lead  arsenate  4  to  6  lbs. 


Nicotine  sulphate,  1  pint 


Lime-sulphur 

(1-40,  summer  strength) 


To  each  100  gallons  add: 


Lead  arsenate  4  to  6  lbs. 


Scab 


Codling  moth 
Green  fruit-worms 
Bud  moth 
Curculios 
Lesser  apple  worm 


Dark  and  bright  apple  red 
bugs 


Scab 


Codling  moth 
Curculios 
Lesser  apple  worm 
Apple  maggot 


♦Reduce  figures  for  lead  arsenate  to  one-half  if  powdered-form  is  used . 

Plate  III. —  Spratino  Schedule  for  Apples. 
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of  this  insect  when  partly  concealed  in  the  hollow  around  the  calyx 
or  stem  easily  escape  detection.  This  worm  differs  from  the  codling 
moth  in  that  it  does  not  reach  maturity  so  early  in  the  fall,  and  in 
the  f a(^t  that  it  will  pass  from  one  apple  to  another  while  feeding 
in  storage.  Quaintance^  states  that  in  sefvenX  infltances  important 
injury  has  been  done  by  larv»  in  barreled  fruit. 

SAN  JOBS  SGALB 

The  chief  injury  from  San  Jose  scale  occurs  during  the  g;rowing 
season,  and  breeding  by  the  insect  after  picking  is  possible  only 
at  temperatures  too  warm  for  proper  storage  conditions.  Experi- 
ments conducted  at  this  Station  demonstrated  that  the  larvae  were 
unable  to  develop  at  an  average  temperature  of  SS"*  F.  but  were 
able  to  develop  to  the  black  stage  at  a  temperature  of  46^  F.  At 
the  latter  temperature  further  growth  was  checked.'  Quaintance' 
has  shown  that  only  scales  about  one-third  grown  can  continue  to 
live  on  fruit  held  at  a  cold  storage  temperature  of  from  3ff  to  32°  F. 
for  the  ordinary  storage  period.  Those  which  survive  would  require 
several  weeks  to  reach  a  reproductive  age,  and  fruit  removed  from 
storage  is  not  ordinarily  held  that  long. 

APPLE  MAGGOT 

Since  the  apple  maggots  remain  small  until  the  flesh  of  the  apple 
begins  to  ripen,  it  sometimes  hai9)ens  that  infested  winter  apples 
show  no  external  evidence  of  injury  at  picking  time  except  the  tiny 
egg  punctures.  These  would  eacdly  escape  notice  and  the  fruit 
might  go  into  storage  where  the  maggots  will  continue  to  feed  and 
grow.  If  the  weather  continues  warm  for  a  period  after  picking 
time  such  fruit  will  deteriorate  rapidly.*  Low  temperature  prevents 
the  growth  of  the  maggots,  and  continued  exposure  near  the  freesing 
point  may  even  Idll  them,  but  it  cannot  repair  the  destructive  work 
already  done  and  infested  apples  do  not  keep  to  well  as  healthyfruit 
However,  cold  storage  can  be  of  practical  value  if  slightly  injured 
fruit  is  placed  in  it  immediately  after  picking  and  held  until  such 
time  as  it  can  be  utilized. 


^  U.  8.  Dept.  Agr.  Bur.  Ent.  BuL  68,  Pt.  V.    1908. 

>  Lowe,  V.  H.  and  Parrott,  P.  J.    N.  Y.  Agr.  Exp.  Sta.  Bui.  193,  963-67.    190a 

s  U.  8.  Dept.  Agr.  Bur.  Ent.  BuL  84.    1909. 

«  O'Kane,  W.  O. .  N.  H.  Agr.  Exp.  Sto.  BuL  171.    1914 
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EFFECT  OP  INSECT  INJURIES  ON  KEEPING  QUALITIES 

OF  APPLES 

It  is  well  known  that  apples  with  an  imperfect  or  broken  skin  do 
not  keep  so  well  as  those  with  a  smooth  clear  skin.  The  fruit  may 
be  perfectly  sound  at  picking  time,  but  if  it  is  scarred  or  russeted 
by  spray  or  mechanical  injury,  or  by  early  feeding  of  insects  it  will 
shrivel  sooner  than  a  normal  apple.  Any  break  in  the  skin,  such 
as  caused  by  an  insect  feeding  on  the  mature  fruit,  permits  rapid 
evaporation  of  the  cell  sap  and  makes  a  startinjc  point  for  an  invasion 
of  soft  rot.  Insect  larvs  working  within  the  flesh  of  the  apple 
g^erally  cause  premature  ripening,  and  also  produce  ideal  con- 
ditions for  the  growth  of  rot  organisms.  The  apple  maggot  is 
especially  serious  in  storage  since  it  often  undergoes  most  of  its 
development  after  the  fruit  is  picked  and  will  reduce  the  whole 
apple  to  a  rotten  pulp.  Even  in  cold  storage,  which  stops  the 
growth  of  the  maggot,  the  infested  apples  do  not  keep  so  well  as 
normal  fruit. 

To  summarize,  any  extensive  insect  injury  on  an  apple,  whether 
a  scar  or  an  open  woimd,  reduces  its  keeping  qualities  and  it  should 
not  be  included  with  fruit  that  is  to  be  stored  for  a  long  period  of 
time.  Scarred  or  russeted  fruit  should  not  be  included  in  lots  to 
be  held  in  storage  later  than  February  1.^ 

EFFECT  OF  INSECT  INJURIES  ON  YIELD 

Insect  injuries  to  the  fruit  not  only  reduce  the  value  of  the  picked 
fruit,  but  many  of  the  insects  discussed  materially  reduce  the  yield 
by  destroyiAg  blossoms,  preventing  the  setting  of  fruit,  and  causing 
the  apples  to  drop  prematurely.  It  is  difficult  to  estimate  this  loss 
since  a  large  amount  of  the  young  fruit  drops  n(»rmally,  and  when 
a  crop  is  heavy  a  certain  anM>unt  of  thinning  is  desirable.  In  years 
when  the  yield  is  normally  small  this  destruction  of  young  fruit 
would  become  of  greater  importance.  Often  the  insects  will  attack 
the  finest  young  sets  in  a  cluster  so  that  perhaps  none  will  be  retained 
on  that  partiotdar  spur. 

The  insects  which  may  cause  important  reductions  in  yield  are 
fruit-worms,  bud  moth,  leaf-nillen,  plum  curcuUo,  apple  nu^got, 
apple  curcuUo,  and  aphids.    The  first  three  cause  losses  by  eating 

1  Greene,  L.    Iowa  Agr.  Exp.  Sta.  BuL  144.    1913. 
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Beaum6  and  are  diluted  1  to  8  for  wint^  spray  and  1  to  40  for 
summer  treatments  of  apples. 


TESTING  AND  DILT7TING   CONCENTRATED  LIHE-SXTLPHUR 

The  proportions  of  lime-eulphur  and  water  used  to  make  up  the 
dormant  and  summer  spraying  mixtures  depend  on  the  strength  of 
the  concentrated  solution.  This  can  be  tested  with  a  Beaum^ 
hydrometer,  which  is  an  instrument  used  for  determining  the  weight 
and  density  of  liquids.  For  use  with  lime-sulphur  the  hydrometer 
should  be  designed  for  heavy  liquids  testing  as  high  as  35  degrees. 
The  solutions  should  be  tested  when  cold,  and  it  is  important  to 
keep  the  hydrometer  perfectly  clean.  After  determining  the  density 
of  the  solution  it  should  be  diluted  for  spraying  according  to  the 
table  which  follows. 

DiLtrnoN  Tablb  fob  Lna-SniiFBUB  Wabh 


DBNsrrr  or  bolution  in 


36 
35 
34 
83 
32 
31 
30 
20 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 
16 
15 


DlLOnONB    lOB    DBUkTBD 
DOBMANT     BFBAT,     FBO- 
FOBXIONB    or    UMB-SUL- 
PHUB      AND     WATBB     TO 
ICAKB   100  GALLONS 


Lnne- 
aulphur 


OaU. 


Water 


GaU. 


DlLUnONB  POB 
BPBAT8,  FBOFOBnONB 
OV  LDfB-SULPmJB  AND 
WATBB  TO  MAKB  100 
GALLONS 


Ldzne- 
sulphur 


Gab. 


2.2 
2.3 
2.4 
2.5 
2.6 
2.7 
2.8 
3.0 
3.1 
3.3 
3.5 
3.7 
4.0 
4.2 
4.5 
4.8 
5.2 
5.6 
6.0 
6.4 
6.8 
7.3 


Water 


Gob. 


.4 

3 

2 

.0 


07.8 

07.7 

97.6 

07.5 

07. 

07 

07 

07. 

06.0 

06.7 

06.5 

06.3 

96.0 

96.8 

06.5 

96.2 

94.8 

94.4 

94.0 

93.6 

93.2 

92.7 


THE  LEAFHOPPER  AS  A  POTATO  PEST* 

p.  J.  PARROTT  AND  R-  D.  OLMSTEAD 

SUMMARY 

The  leafhopper  (Empoasca  maU  Le  Baron)  has  derived  its  repu- 
tation as  a  destructive  agent  chiefly  from  its  injurious  activities  on 
young  apple  trees.  Recentiy  it  has  been  the  subject  of  special 
study  witii  regard  to  its  economy  as  a  potato  pest  The  facts  secured 
in  this  investigation  have  established  an  important  injurious  relation- 
ship to  potato  culture  in  New  Tork. 

Migration  of  over-wintering  leafhoppers  to  potato  plantings  began 
during  early  June,  and  the  vines  were  sought  for  purposes  of  ovi- 
position  as  soon  as  they  appeared  above  tihe  ground.  Eggs  were 
deposited  largely  in  the  young  tender  leases  near  the  growing  tips 
of  the  plants  and  Oviposition  continued  until  the  plants  were  killed 
by  frosts  during  early  October.  Witii  the  hatching  of  the  nymphs 
aU  stages  of  the  pest  were  present  on  the  vines  during  the  growing 
period. 

In  cage  and  field  ezperiments  feeding  by  the  insects  produced 
small,  brownish  areas  of  one-fourth  inch  or  more  in  width  at  the 
tips  and  occasionally  on  the  margins  of  the  leaflets.  The  injury 
became  more  conspicuous  as  the  season  advanced,  the  brownish 
or  burned  areas  increasing  both  in  extent  and  numbers.  As  tissues 
became  desiccated  the  mitfgins  rolled  over  the  upper  surface,  leaving 
a  small  narrow  green  area  fii  the  central  portion  of  the  leaflet 

The  disorder  attained  its  greatest  intensity  during  August  At 
this  period  nymphs  and  adiSts  <tf  the  second  generation  of  the 
leafhopper  became  increasingly  abundant  and  intermingled  with 
thnn  were  individuals  of  ike  different  stages  of  the  first  generation. 
Feeding  by  both  nymphs  and  adults  was  attended  with  injuries  to 
leaf  structures. 

INTRODUCTION 

In  Bulletin  No.  451  of  this  Station  attention  is  directed  to  the 
injurious  activities  of  various  leafhoppers  on  apple  trees.  Added 
sigmficance  has  recently  been  attadied  to  one  of  these  species, 
Empoasca  mali  Le  Baron,  because  of  its  demonstrated  ability  to 
produce  material  injury  to  potatoes.  Owing  to  the  importance  of  the 
potato  industry  in  New  York,  more  knowledge  as  to  its  capacities 
as  a  pest  in  ttus  r61e  than  is  now  available  is  desired.  It  was  with 
this  object  in  view  that  the  experiments  herein  recorded  were  planned. 

*  Reprint  d  TeohniaJ  Bulletin  No.  77,  March,  1020. 
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THE  LEAFHOPPER  AS  A  PEST  OF  POTATOES 

In  1876  Osbom  ^  recorded  the  leafhopper  (E.  mail)  as  a  new  pest 
of  potatoes,  which  produced  serious  wilting  of  early  varieties.  BVom 
the  condition  of  the  plants  it  was  suggested  that  the  species  was 
capable  of  causing  a  great  amount  of  damage.  A  brief  account  was 
given  of  an  experiment  designed  to  reduce  the  numbers  of  the  nymphs 
and  adults  on  affected  plants. 

In  1908  the  insect  was  very  abundant  on  potato  vines  in  the  leading 
areas  of  production  in  this  State,  especially  in  the  region  of  Water- 
town,  and  many  growers  expressed  the  opinion  that  it  was  responsible 
to  a  certain  extent  for  the  premature  d3ring  of  the  plants.*  Records 
of  observations  of  a  number  of  plantings  in  the  vicinity  of  this  town 
state  that  both  adults  and  n3rmphs  were  very  abimdant,  and  could 
well  have  been  the  cause  of  the  shriveling  of  the  plants.  As  the 
decline  of  the  plants  was  chiefly  ascribed  to  a  disease  officially 
diagnosed  as  "tipbum'.^  and  as  it  was  not  at  that  time  suspected  that 
other  factors  could  produce  somewhat  similar  ill  effects,  no  attempts 
were  made  to  determine  the  actual  influence  of  the  leafhoppers  upon 
the  growth  of  the  plants.  In  1909  the  insect  was  reported  as  abundant 
on  potatoes  growing  near  Saugerties  in  the  Hudson  River  Valleyi 
and  it  was  noted  that  infestation  of  the  plants  ''was  accompanied 
by  curling  of  the  leaves,  which  became  brown  and  brittle."  During 
these  two  years  beans  infested  with  the  leafhoppers  also  showed 
marked  curling  and  crinkling  of  the  foliage. 

The  leaihopper  was  regarded  by  Webster ,'  as  injurious  to  potatoes, 
and  in  1915  he  called  attention  to  the  curling  of  small  tender  leaves 
and  the  stimted  growth  of  plants  attacked  by  the  insect. 

To  Ball,^  credit  is  to  be  given  for  rescuing  the  activities  of  the 
leafhopper  on  this  host  from  the  domain  of  conjecture  and  in  directing 
serious  attention  to  the  insect,  especially  in  its  relations  to  ''tipbum," 
which  has  resulted  in  a  clearer  understanding  of  its  status  as  a  potato 
pest. 

SEASONAL  NOTES  ON  ACTIVITIES  OP  INSECT 

On  June  10,  1919,  the  first  adult  leafhopper  was  observed  feeding 
on  the  foliage  of  a  yoimg  apple  tree  in  an  old  neglected  orchard. 
During  the  following  day  a  few  adults  were  seen  flying  in  a  small  plat 
of  Irish  Cobbler  potatoes,  and  on  June  16  more  adults  were  detected 
in  another  planting  composed  of  Early  Rose  potatoes.  By  the  third 
week  in  June  the  migration  of  the  insects  from  other  hosts  to  potatoes 
had  evidently  begun  in  earnest,  as  thereafter  the  creatures  were 
alwasrs  to  be  found  in  these  two  plats  as  well  as  in  other  plantings 

1  Oibom,  H.  Iowa  Ezp.  Sta.  BuH  33,  60^-^05.    180d. 
'  Records  by  H.  E.  HodgldaB  of  the  Department  of  Entomologyt 
>  Webeter,  R.  L.  Iowa  £xp.  Sta.  BulL  166,  dM^UXk    19]& 
4  Ball,  E.D.Wia.Dept<^Acr.«  Bull  28»  75-102.    IfilO. 
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Nymphs  were  first  observed  during  the  second  week  in  June, 
when  they  were  detected  feeding  on  apple  and  raspberry  foliage. 
Adults  were  now  very  abundant  on  apple  trees,  and  during  the  latter 
portion  of  June  there  were  evidences  of  initial  injuries  to  apple  foliage. 
Nymphs  of  all  instars  were  observed  on  the  f ouage,  and  some  leaves 
of  terminal  growth  displayed  characteristic  curlmg. 

In  an  experimental  plat  of  a  late  variety  of  potatoes,  known  as 
Enormous  No.  9,  adults  were  first  seen  dining  the  first  week  in  July, 
and  a  few  days  later  n3rmphs  were  observed.    Examinations  on 
July  2  of  foliage  of  several  early  varieties  of  potatoes  for  egg  deposition 
indicated  that  the  adult  females  preferred  young  shoots  for  ovi- 
position,  as  eggs  were  found  only  on  the  new,  tender  leaves  near  the 
tips  of  the  vines,  while  the  lower  leaves  showed  no  evidences  of  egg- 
laying.    At  this  date  n3rmphs  were  apparently  not  abundant,  as 
repeated  examinations  reveialed  only  a  few  individuals.    Some  of 
these  were  in  the  third  instar,  which  would  indicate  that  the  nymphs 
had  made  their  appearance  dining  the  last  week  in  June.    In  the 
plat  of  Enormous  No.  9,  which  was  the  last  variety  to  be  planted, 
it  was  not  unt^  the  middle  of  July  that  n3rmphs  of  the  first  generation 
appeared  in  numbers.    In  this  planting  no  evidences  of  injury  were 
observed  until  the  nymphs  of  the  first  generation  were  quite  abun- 
dant, which  was  during  the  latter  part  of  July.    At  this  time  there  were 
also  large  numbers  of  adults,  most  of  which  belonged  to  the  first 
generation,  altho  a  small  percentage  of  them  were  of  the  second 
generation.    The  nyniphs  increased  in   numbers   as   the    season 
advanced  reaching  their  maximum  abundance  during  the  middle  of 
August.    Subsequently  there  was  a  slight  waning  in  their  numbers, 
and  the  diminution  appreciably  increased  after  September  1.    How- 
ever, nymphs  could  always  be  observed  on  potato  foliage  until  the 
first  frosts,  dining  the  second  week  in  October,  destroyed  the  vines. 
The  predominance  of  nymphs  during  the  middle  of  August  was  due 
to  an  intermingling  of  forms  from  both  the  first  and  second  generations. 
Coincident  with  the  period,  when  nymphs  were  present  m  maximum 
numbers,  injuries  to  foliage  greatly  increased.    Actual  counts  during 
late  August  and  early  September  showed  that  fifty-two  per  cent  of 
the  leaves  were  damaged  to  a  greater  or  less  degree.    Altho  the  injury 
continued  to  develop  after  this  period,  it  was  during  the  time  indicated 
that  the  greatest  damage  occurred. 

Counts  of  the  insects  on  the  various  experimental  plats  during 
the  summer  showed  that  mature  forms  were  most  numerous  at  two 
different  periods:  During  the  last  week  in  July  when  the  adults 
of  liie  first  generation  reached  their  maximum  numbers;  and  during 
the  latter  part  of  August  and  early  September  when  the  adults  of 
the  second  generation  were  most  abundant,  altho  at  this  time  there 
were  still  in  existence  individuals  of  the  first  generation.  The 
interval  between  August  15  and  September  15  was  the  period  of 
the  most  severe  infestation  because  of  the  intermingling  of  nymphs 
and  adults  of  the  first  and  second  generations. 
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DESCRIPTION  OF  INJURY 

As  first  noted  in  July  on  the  experimental  plats,  the  most  obvious 
injury  by  the  leafhopper  was  the  occurrence  of  smaU  brownish  areas 
at  the  tips  of  the  leaflets  and  occasionally  on  the  margins  of  the  leaflets. 
Usually  the  terminal  leaflet  and  those  adjacent  to  it  were  first  affected. 
With  some  plants  this  form  of  injury  was  preceded  or  accompanied 
by  the  curlmg  of  the  foliage  of  the  terminal  growth  in  which  the 
tips  of  the  affected  leaves  were  bent  imder  and  the  margins  were 
upturned.  Superficially  this  resembled  the  disease  known  as  leaf-roL^ 

As  the  season  advanced  the  destruction  of  the  tissues  became  more 
evident  as  the  injured  areas  increased  considerably  both  in  nimibers 
and  extent.  The  discoloration  progressed  from  the  tip  towards  the 
base  of  the  leaflet  and  from  the  margins  towards  the  midrib.  As 
affected  structures  dried  the  margins  rolled  over  the  upper  surface, 
leaving  only  a  small  narrow  strip  of  green  tissue  in  the  center  of  the 
leaflet  (Plate  V).  Prior  to  the  desiccation  or  browning  of  the  tips 
and  margins  there  was  an  intermediate  stage  when  the  affected  areas 
displayed  a  greenish  yellow  tinge.  This  appeared  first  about  the 
margins  and  preceded  the  burning  or  dr3ring  up  of  the  tissues  inwardly 
towards  the  midrib.  The  condition  was  more  prevalent  during  the 
latter  part  of  the  season,  for  then  there  was  considerable  yellowing 
of  the  foliage. 

Of  leaves  subjected  to  attacks  by  leafhoppers,  every  leaflet  often- 
times showed  injury  to  a  more  or  less  degree.  The  terminal  leaflets 
usually  exhibited  the  greatest  amount  of  burning,  while  those  nearer 
the  base  of  the  leaf  usually  displayed  comparatively  larger  areas  of 
green  tissue.  As  the  injury  progressed  the  leaflets  curl^  and  com- 
pletely dried  up  and  eventually  Uie  petiole  itself  became  withered 
so  that  slight  disturbance  of  the  plant  produced  defoliation  of  the 
affected  stems.  If  infestation  was  severe  the  foliage  over  an  entire 
planting  usually  presented  a  brownish  appearance,  which  was 
especially  conspicuous  by  the  middle  of  August.  In  exceptional 
instances  aU  the  leaves  were  affected,  but  usually  the  injury  was  most 
noticeable  on  the  areas  of  the  plant  inunediately  below  the  new 
growtii.  The  apparent  reason  for  this  is  that  the  adults  seem  to 
prefer  the  tender,  growing  leaves  for  purposes  of  oviposition,  while 
the  nymphs,  when  they  hatch,  diow  less  tendency  to  migrate  and  feed 
largely  upon  or  near  the  leaffet  where  they  were  hatched.  Owing 
to  thj^  habit  of  restricting  their  feeding  activities  to  a  single  or  few 
leaflets,  ihe  nymphs  produce  most  of  the  damage. 

The  adults  are  capable  of  causing  injury  but,  unlike  the  n3maphs, 
those  engaged  in  egg-laying  are  active  and  resort  to  flight  at  the 

^In  anticipation  of  the  possible  criticism  that  the  injuries  and  abnormalitiftB  here 
attributed  to  leafhoppers  may  have  been  due,  in  part»  to  the  dieeaaes  known  as  moaaic 
and  leaf-roll,  it  may  be  said  that,  during  the  entire  aeaaon,  the  experimental  plats 
weie  under  close  observation  by  F.  C.  Stewart,  the  Station  Botanist,  who  aasores 
us  that  none  of  the  plants  were  affected  with  moaaic  and  only  a  few  showed  even  mild 
symptoms  of  leaf-rolL 
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slightest  disturbance.  Moreover,  their  preference  for  new  growth 
in  which  to  place  their  eggs,  coupled  with  their  migratory  habits, 
has  the  effect  of  distributing  injuries  by  them  and  thus  preventing 
the  more  conspicuous  evidences  of  damages  such  as  arise  by  the  con- 
stant feeding  of  the  nymphs  in  rather  small  areas  of  a  single  or  a  few 
leaflets.  By  reason  of  the  habits  of  the  adults,  the  terminal  leaves, 
especially  when  the  vines  are  growing  rapidly,  seldom  show  evidences 
of  injury,  and  the  t3rpical  discolorations  do  not  appear  until  the 
eggs  hatch  and  the  nymphs  begin  to  feed. 

EXPERIMENTAL  STUDIES  ON  ADULTS  AND  NYMPHS 

CAQE  EXPERIMENTS 

These  experiments  were  made  in  a  small  planting  of  potatoes  of 
the  variety  Irish  Cobbler.  Shortly  after  the  plants  app^red  above 
the  ground  certain  of  them  were  covered  with  breeding  cages,  which 
consisted  of  wooden  frames  screened  with  cheesecloth.  The  frames 
were  five  feet  in  length  and  of  sufficient  size  to  cover  from  three  to 
four  potato  vines  as  grown  under  commercial  conditions.  The  cages 
were  placed  in  the  plat  before  the  first  hibernating  adults  of  Empoasca 
maii  had  made  their  appearance  on  potato  plants.  In  this  series 
there  were  four  cage  experiments  with  checks.  One  cage  experiment 
without  a  check  is  also  worthy  of  mention. 

Experiment  No.  L — In  this  test  insects  were  confined  in  two 
cages  and  one  cage  was  reserved  as  a  check  as  follows: 

Cage  L    Three  plants.    Confined  thirty  adults  of  first  generation 

on  July  23. 
Cage  2.    Three  plants.    Confined  ten  adults  of  first  generation 

on  July  25. 
Cage  3.    Three  plants.    Check. 

All  the  cages  were  left  imdisturbed  xmtil  October  1  when  an  exami- 
nation was  made  of  the  different  plants.  The  condition  of  the  vines 
in  the  different  lots  presented  most  striking  contrasts.  Every  plant 
in  Cages  1  and  2  showed  the  characteristic  browning  or  burn- 
ing of  the  leaves,  while  the  check  vines  were  almost  free  from  injury. 
An  occasional  leaflet  displayed  burned  tips,  indicating  that  a  few 
leafhoppers  had  gained  entrance  into  the  check  cage.  Evidence  of 
the  presence  of  the  insects  was  substantiated  by  the  existence  of  one 
or  more  cast  skins  on  the  injured  leaflets,  which  showed  that 
oviposition  had  occurred  and  that  nymphs  had  fed  on  the  vines. 
The  iajury,  however,  was  barely  noticeable  as  compared  with  the 
destructive  work  of  the  leafhoppers  in  the  other  cages,  for  with  them 
there  was  scarcely  a  leaf  on  any  of  the  plants  that  did  not  display 
characteristic  damages  to  the  leaflets. 

Experiment  No.  2. —  On  August  8,  three  shoots  selected  from  three 
different  plants  were  covered  with  gauze  bags.    The  stalks  were 
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mai^s.  At  this  date  there  were  many  adults  inside  the  cage  as 
well  as  large  numbers  of  nymphs  of  both  the  first  and  second  graiera- 
tions  on  the  leaflets.  On  September  1  the  leaves  were  entirely 
destroyed,  and  all  that  remained  of  the  plant  were  the  bare  stalks 
to  which  were  attached  a  few  dead  petioles. 

FnsLD  bxfbbucbntb 

These  experiments  serve  a  two-fold  purpose:  first,  in  showing 
the  destructive  capacity  of  the  leafhopper  imder  normal  conditions; 
and  second,  in  indicating  the  susceptibility  of  the  insect  to  various 
spra3dng  mixtures.  The  details  of  this  effort  are  presented  largely 
with  regard  to  the  former  consideration,  as  it  is  not  intended  in  this 
accoimt  to  discuss  methods  of  control. 

The  experimental  planting,  which  was  about  one-half  acre  in  extent, 

f provided  for  forty-two  rows  each  (me  hundred  eighty  feet  in  length, 
t  was  planted  to  a  variety  of  potato  known  as  l^ormous  No.  9 
on  June  6,  the  sprouts  appearing  above  ground  during  the  following 
second  and  thinl  weeks.  On  the  whole  the  temperatures  during 
the  growing  period  were  favorable  for  growth,  and  while  the  weather 
was  quite  dry  at  certain  periods  the  p&nts  did  not  apparently  suffer 
for  lack  of  moisture.  The  plats  for  testing  spraying  mixtures  were 
arranged  as  follows: 

Plat  1.    Two  rows.    Check. 

Plat  2.    Six  rows.    Bordeaux  mixture  (10-10-100)  with  six  pounds 

of  paste  arsenate  of  lead. 
Plats.    Four  rows.    China  day,  sixty  pounds  to  one  hundred 

gallons  of  water  and  ten  pounds  of  soap. 
Plat  4.    Four   rows.    Bordeaux   mixture    (8-8r-l00)    with   sixty 

pounds  of  lump  lime. 
Plat  5.    Four  rows.    Boideaux  mixture  (10-10-100). 

The  first  spraying  was  made  on  July  8,  at  which  time  leafhoppers 
were  beginning  to  appear  on  the  vines.  The  applications  were  made 
with  a  gasoline  power  spraying  outfit  tmder  pressures  varying  from 
one  himdred  to  one  hundred  and  fifty  pounds.  In  this  work  great 
care  was  exercised  to  cover  thoroly  all  surfaces  of  the  plants,  espe- 
cially the  undersides  of  the  leaves. 

As  the  insects  were  invading  the  different  plats  in  greater  numbers 
and  as  showers  had  removed  the  spraying  materials  from  the  vines 
to  a  considerable  extent,  a  second  appUcation  was  made  on  July  16. 
Heavy  rains  fell  within  the  next  ten  days,  which  necessitated  a  third 
treatment  on  July  28.  The  last  application  was  made  on  August  28. 
Suteequent  observations  indicated  that  the  interval  between  tiie 
third  and  fourth  treatments  was  too  long  because  of  the  removal 
of  the  spray  materials  from  the  foliage  thru  the  influ^ioe  of  the 
weather  and  the  development  of  new  growth  which  was  exposed  to 
the  attacks  of  the  insects. 


Platc  VT. —  ErncTB  or  ATTACEa  op  Leafhofpebb  on  Potato  Poliaoe. 


Plate  VII. —  Potato  Leaves  Protected  from  Imjdbt  bt  Leafboppeks. 


Plate  VIII. —  A  Tifical  UNSPiutED  Potato  Pl.ant. 


Plate  IX. —  A  Typical  Potato  Plamt  rROU  a  Spbated  Plat. 


Nbw  York  AoRicuimTRAii  Exfesbxbcdnt  Station.        403 

In  order  to  determine  the  effects  of  the  different  sprays  upon  the 
leaflxoppers,  counts  were  made  of  the  adults  at  more  or  less  r^^idar 
intervak    The  data  are  presented  in  Tables  1  and  2. 


Tabjm  L — Comm  or  Liafboppbbs  on 
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Ghbcx  Planib,  1919. 
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TaBLB  2. —  AVXSAQB  NXTMBXB  OT  AdUI/T  LeAFHOPPXBS  FEB  ViNB  ON  SpBATXD  AND 

Chbck  Plants,  1919. 
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It  win  be  observed  from  the  foregoing  figures  that  all  of  the  spraying 
mixtures  a£Forded  considerable  protection  from  the  adults.    More- 
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over,  at  no  time  during  the  season  were  the  njrmphs  abundant  on 
the  treated  vines,  which  was  apparently  due  to  the  fact  that  the 
applications  had  repelled  many  of  the  adults  and  thus  greatly  reduced 
the  amount  of  ovipoeition.  Nevertheless,  nymphs  were  observed 
on  the  vines,  and  during  the  latter  part  of  August  occasional  burned 
tips  were  foimd  in  the  spra3red  plats,  which  will  be  discussed  more 
in  detail  in  subsequent  paragraphs.  This  injury  was  attributed  to 
the  unavoidable  postponement  of  the  fourth  spraying  and,  in  all 
probability,  could  have  been  prevented  or  reduced  in  extent  if  one 
application  had  been  made  in  early  August  and  another  during  the 
latter  part  of  the  month. 

The  heavy  washes,  composed  of  china  clay  or  lime,  were  somewhat 
more  effective  in  repelling  the  insects  than  the  other  spraying 
mixtures.  This  was  due  to  the  fact  that  both  of  these  sprays  form 
a  very  thick  coating  on  the  leaves  which  proved  unattractive  to 
the  insects.  These  two  mixtures,  in  spite  of  their  heavy  consistency, 
caused  very  little  trouble  as  regards  clogging  of  the  nozzles  if  the 
agitator  of  the  spra3ang  machine  was  efficient.  In  considering  their 
merits  as  repellents  it  should  be  noted  that  china  clay  was  more 
easily  removed  from  the  foliage  by  rains  than  any  oi  the  other 
mixtures,  while  lime  applied  in  the  amounts  specified  caused  injuries 
to  V>^to  foliage  which  are  indicated  in  Tables  6  imd  8.  The 
damage  was  first  noted  on  July  28  when  the  third  spraying  was 
made,  and  after  this  date  the  injury  increased  considerably. 

Because  of  its  injurious  effects  on  the  leaves,  the  heavy  Ume-wash 
was  the  least  satisfactory  of  the  various  mixtures  tested.  It  is 
possible  that  preparations  with  smaller  amoimts  of  lime  might  prove 
equally  effective  against  leafhoppers  and  less  harmful  to  the  foliage 
of  potatoes.  Altho  bordeaux  mixture  idone  or  in  combination  with 
lead  arsenate  did  not  prove  as  effective  a  repellent  as  sprays  of 
heavier  consistencv,  it  should  be  noted  that  thoro  spraying  of  all 
surfaces  of  the  plants  prevented  serious  damage  by  the  insects. 
Furthermore,  this  spray  withstood  the  washing  effects  of  rains  much 
better  than  china  clay  or  lime,  the  combination  with  lead  proving 
somewhat  superior  to  bordeaux  mixture  alone. 

The  distinguishing  feature  of  the  experiment  was  that  during 
August  the  check  ^ants  showed  burned  tips  and  margins  of  the 
leaflets,  while  in  early  September  they  rapidly  declined.  At  this 
latter  date  the  sprayed  vines  presented  in  the  main  luxuriant  foliage 
with  only  slight  traces  of  injury,  while  the  checks,  in  striking  con- 
trast to  them,  were  inferior  in  size  and  had  scanty  foliage,  which 
was  to  a  laige  extent  badly  shriveled  ttod  brownish  in  appeeurance. 
(See  Plates  V,  VI,  and  VIII.) 

For  the  purpose  of  showing  more  clearly  the  injurious  work  of 
the  leaihopper  on  potatoes,  coimts  were  made  of  sound  and  affected 
leaves  on  seventy-five  plants  from  each  of  the  plats.  The  data  are 
given  in  Tables  3  to  8,  inclusive. 
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SUsht 


No, 


6 

8 

10 

16 

4 

8 

42 

2 

5 

15 

12 

8 

11 

16 

10 

7 

13 

20 

5 

30 

41 

15 

14 

13 

6 

15 

16 

14 

4 

3 

10 

4 

6 

20 

9 

13 

10 

8 

5 

18 

4 

15 

10 

6 

16 

20 

9 

10 

7 

23 

12 

4 

9 

8 

10 

5 

10 

5 

13 

4 

4 

16 

8 

5 

9 

2 

6 

14 

9 

12 

14 

9 

15 

5 

2 


Moderato 


No. 


8 

10 

6 

2 

12 

8 

20 

6 

7 

10 

18 

9 

7 

12 

8 

12 

80 

11 

7 

17 

50 

16 

20 

15 

7 

7 

10 

8 

8 

4 

16 

5 

6 

12 

8 

7 

8 

20 

10 

80 

8 

9 

9 

5 

20 

13 

15 

3 

12 

10 

80 

4 

10 

8 

7 

4 

6 

6 

10 

4 

5 

20 

9 

6 

9 

8 

8 

5 

4 

10 

12 

15 

15 

18 

3 


No. 


20 
34 
18 
6 
20 
29 
34 
10 
19 
30 
11 
45 
28 
60 
44 
45 
64 
60 
16 
05 
100 
40 
63 
32 
34 
35 
87 
32 
15 
18 
14 
14 
30 
20 
35 
14 
18 


13 

25 

10 

20 

12 

7 

26 

14 

12 

13 

0 

8 

20 

9 

5 

20 

6 

10 

13 

18 

11 

20 

16 

11 


14 
12 
7 
0 
19 
18 
18 
18 


84 
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Tablb  4. —  Lbafhoppbb  Iniubt  on  PLAim  SnuTiD  wm  Bobdbaux  Mixtuu 

AND  LbAD  ABSBNAn,  1010. 


NnifBBft  or 

Lhatm 
■xAicnniD 

LaATBS 

TttlXTttMD 

BT  DfSBCT 

LkAjr  Btnor  ar  imbbct 

PLAMT 

Slight 

Modflnte 

ScTBra 

1 

No. 
68 
04 
79 
62 

128 
54 
38 
72 
75 
82 
51 
56 
58 
41 
53 
40 
40 
06 
54 
67 
00 
41 
56 
54 
04 
82 
54 
68 
32 
47 
61 
40 
60 
36 
86 
28 
45 
65 
48 
41 
40 
42 
68 
35 
43 
48 
48 
68 
65 
43 
68 
60 
21 
68 
50 
75 
80 
55 
71 
28 

116 
80 
52 
63 
87 
63 
87 
58 
74 

103 
66 
67 
01 
88 
86 

No. 

6 
10 

8 
14 

12 

7 

5 

18 

18 

6 

20 

18 

10 

0 

0 

11 

12 

15 

6 

35 

8 

7 

10 

8 

10 

18 

2 

10 

4 

20 
5 
12 
8 
7 
12 
4 
6 
0 
12 
0 
4 
8 
7 
5 
4 
0 
6 
0 
8 
6 
2 
0 
1 
1 
0 
3 
11 
6 
4 
7 
15 
8 
7 
10 
21 
12 
6 
4 
6 
8 
7 
2 
7 
3 
10 

No. 
6 
0 
8 

11 
6 
7 
6 
8 

18 
4 

14 
6 
6 
8 
4 
0 
0 
6 
6 

22 
8 
5 

10 
5 

10 

13 
2 

10 
4 

15 
5 

11 
8 
6 

12 
3 
6 
7 

12 
6 
3 
7 
7 
4 
4 
0 
3 
5 
8 
6 
2 
0 
1 
1 
0 
8 
0 
6 
4 
7 

13 
3 
7 

10 

15 

12 
6 
4 
6 
8 
7 
3 
7 
8 
6 

No. 
0 
0 
0 
8 
6 
0 
0 
5 
0 
2 
5 
6 
8 
1 
3 
2 
3 
5 
0 
3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 
0 
0 
0 
2 
0 
2 
0 
0 
0 
0 
0 
0 
2 
4 
0 
0 
0 
0 
0 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 

No. 
0 

2 

1 

3 

0 

4 

0 

5 

0 

6 

0 

7 

0 

8 

0 

9 

0 

10 

0 

11 

1 

12 

e 

13 

1 

14 

0 

15 

2 

16 

0 

17 

0 

18 

4 

19 

0 

20 

0 

21 

0 

2 

23 

0 

3 

25 

0 

0 

27 

0 

0 

29 

0 

2 

31 

0 

32 

1 

33 

0 

1 

35 

0 

36 

1 

37 

0 

0 

39 

0 

1 

4i:::::::::::::::::::::::::::::' 

1 

1 

43 ;!!!!!!;.*!'!.;;;; 

0 

1 

45 i!!!!!!!!!!!!;!!!!;;!'!' 

0 

0 

47 1.; '.!!!;!;!;.*;.".' 

0 

0 

40 !!!;!;!!!!!;!;!!!!!!!'!' 

0 

0 

51 !!!;!;!!!!!!!!!!!*!'!'!" 

0 

0 

53 ;!;.;.!*.!!;;!!!!!!'!!!' 

0 

0 

55 !!;.!.;;'.;..'!!!!!!!!!!; 

0 

0 

67 !!;;;!!!!!!!!!;!!!!!!!!;!' 

0 

0 

59 !.!!!!;;!!!!!!!!;;!!!!!;;" 

0 

0 

61...!.!!!;!!;;!;;;!!!!;!;;;;!';* 

0 

0 

63...;.;;;;;;;;;;;;;;;;;;;;;;;;;' 

0 

0 

65 

4 

0 

67 ;;;;;;;*;; ;;**;' 

0 

0 

00 ;;..;;;;;;;;;;;;;;;;;;;;;■ 

0 

0 

71 ;;;;.;;;;;;;;;;;;;;;;;;;;* 

0 

0 

78...;;..;;;;;;;;;;;;;;;;;;;;;;;* 

0 

0 

76 

2 

■= 
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Tamem  &— Ijuiboppbb 


hauKt  ON  Plavib  Bwbajwo  mm  Gbdu  Cl^t  and  Soap, 
1919. 


Nmon  or 

■XAMmso 

Lbaym 

INJtTBSD 

BT  nnacT 

IMAW  BUBN 

BT  DnBcr 

PLAMT 

Slisht 

Moderate 

Sewra 

1 

No. 
78 

114 
76 
78 
92 
68 
62 

122 
74 
77 
88 
42 
68 
87 
54 
81 
78 
44 
92 
78 
42 
52 
67 
69 
66 
95 

142 
54 
87 
94 
98 
56 

104 

87 
68 
71 
92 

88 

206 

67 

89 

92 

81 

54 

58 

84 

87 

88 

77 

148 

186 

86 

170 

74 

102 

100 

101 

163 

138 

190 

108 

89 

187 

181 

99 

53 

92 

120 

58 

81 

121 

54 

70 

77 

No, 

6 

28 

12 

4 

11 

9 

15 

80 

5 

13 

18 

6 

12 

15 

8 

11 

9 

9 

20 

12 

6 

10 

6 

10 

7 

10 

4 

2 

4 

0 

5 

4 

5 

5 

3 

9 

4 

11 

6 

16 

11 

12 

7 

0 

4 

2 

5 

5 

2 

7 

18 

9 

16 

11 

13 

13 

4 

28 

5 

11 

20 

7 

6 

11 

18 

14 

4 

10 

4 

6 

7 

8 

8 

8 

5 

No. 
5 

20 
9 
4 

11 
9 

15 

20 
5 

10 

18 
4 
8 

11 
8 
9 
8 
6 

16 

12 
6 

10 
6 
8 
7 

10 
4 
2 
4 
0 
4 
4 
5 
5 
8 
9 
4 
9 
6 

14 
9 

12 
7 
0 
4 
2 
5 
5 
2 
7 

13 
9 

11 

11 
8 

11 
4 

28 
5 

11 

20 
7 
5 

10 

13 
8 
4 
7 
4 
5 
5 
6 
2 
8 
5 

No. 
1 
3 
0 
0 
0 
0 
0 
10 
0 
0 
0 
0 
4 
4 
0 
2 
1 
3 
4 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
2 
0 
2 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
3 
0 
0 
5 
0 
0 
0 
0 
0 
0 
2 
3 
0 
8 
0 
0 
0 
2 
0 
0 
0 

No. 

0 

2  

0 

3 

8 

4   

0 

6 

0 

e 

0 

7 

0 

8 

0 

9 

0 

10 

8 

11 

0 

12 

2 

18 

0 

14 

0 

15 

0 

18 

0 

17 

0 

18 

0 

19 

0 

20 

0 

21 

0 

28 

0 

0 

24 

2 

0 

26 

0 

0 

28 

0 

0 

80 

0 

0 

82 

0 

0 

84 

0 

0 

86 

0 

0 

88 

0 

0 

40 

0 

0 

42 

0 

44 

0 
0 

0 

48 

0 

0 

48 

0 

0 

80 

0 

0 

52 

0 

2 

54 

0 

2 

58 

2 

0 

58 

0 

0 

80 

0 

0 

82 

0 

1 

84 

1 

65 

88 

3 
8 

0 

88 

0 

0 

70 

1 

2 

72 

0 

1 

74 

0 

0 
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Tablb  6.— liBAiBOPnm  tiuumT  on  PuutTs  Spbatsd  wrh  LnoB  and  Bobdiauz 

MiXTUBX,  1019. 


NuMBBB  or 


1 

2. 
8 
4 
6 
6, 
7, 
8. 
9. 
10. 
11. 
12 
18. 
14. 
16. 
16. 
17. 
18 
10. 
20 
21. 
22 
28 
24. 
26, 
20. 
27, 
28 
20. 
80, 
81. 
82, 
88. 
84 
86. 
86 
87 
88 
80 
40 
41 
42 
48 
44 
46 
46 
47 
48 
40 
60 
61 
62 
68 
64 
66 
66 
67 
68 
60 
60 
61 
62 
63 
64 
66 
66 
67 
68 
60 
70 
71 
72 
78 
74 
76 


JVo. 

116 

120 

46 

118 

82 

04 

78 


62 

02 

67 

77 

71 

76 

71 

126 

81 

01 

60 

72 

71 

116 

68 

62 

82 

08 

08 

63 

72 

118 

01 

108 

60 

60 

47 

47 

70 

180 

47 

78 

80 

67 

61 

68 

46 

108 

76 

46 

41 

68 

80 

112 

108 

180 

63 

123 

108 

172 

188 

122 

108 

80 

74 

08 

61 

80 

68 

224 

02 

100 

103 

80 

72 

76 

07 


DTJUKSD 

BT  nnacT 


ExWfT  or  LBAF  BUBM  BT  IIMBCT 


Nc. 


10 
48 

0 
6 
7 
8 

10 
4 
6 

10 
7 

10 
6 
8 
0 

14 

10 

11 

20 
7 
8 

14 

12 
8 
0 
6 
6 
8 

18 
6 
7 
8 
4 
6 
6 
4 
6 
2 
6 
6 
4 
6 
0 
3 
3 
4 
4 
2 
1 
2 
7 

12 
8 
6 
6 
8 

14 
8 
7 
6 
4 
8 
2 
6 
8 
0 
2 

18 
6 
2 
0 

§ 

10 
3 


Sticht 


No. 


7 

81 
0 
6 
6 
4 
8 
4 
6 
8 
7 

10 
4 
8 
6 

14 
7 
7 

18 
6 
6 

10 

12 
8 
0 
6 
6 
3 

18 
6 
4 
8 
4 
6 
6 
8 
6 
2 
6 
6 
4 
6 
0 
8 
8 
4 
4 
2 
1 
2 
7 

12 
8 
6 
6 
8 

14 
8 
7 
6 
4 
8 
2 
6 
8 
0 
2 

18 
6 
2 
0 
2 
0 

10 
8 


ModwBte 


S0. 


0 
0 
0 
0 
2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
8 
0 
3 
4 
3 
2 
8 
4 
0 
0 
0 
0 
0 
0 
0 
0 
3 
0 
0 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

a 

0 
0 
0 
0 
0 


No, 


8 
12 
0 
0 
0 
4 
2 
0 
0 
2 
0 
0 

1 

0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


BTLOa 


Nt. 


ao 

9 
7 
16 
10 
27 
80 
8 
18 
28 
14 
S8 
10 
18 

0 
25 

9 
16 

5 
11 
12 
25 

7 
21 
15 
15 
18 
U 

8 
16 
10 
13 
ID 
11 
10 
12 

a* 

15 

9 

14 

17 

9 

9 

17 

10 

14 

7 

6 

16 

13 

19 

14 

M 

M 

11 

16 

85 

26 


18 
12 
18 
18 

8 
10 
14 
53 
10 
18 

4 
10 
13 
18 
15 
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TlBU  7.-— LBAIBOrFBB  IlTJUBT  OX  PlANIB  SnUTSO  WITH  BOSDBAUZ  MiZTinn,  1919. 

NuMBKR  or 

Lbavxs 
sxamxnbd 

Lbavss 

iNjtnun 

BTnnacT 

SUght 

Moderate 

Severe 

I 

No, 
55 

47 
65 
97 
67 
89 
58 
88 
65 
62 
79 
85 
79 
74 
100 
43 
48 
81 
50 
60 
58 
76 
77 
62 
117 
42 
87 
82 
42 
54 
75 
45 
46 
68 
72 
81 
70 
43 
66 
58 
42 
68 
45 
75 
48 
46 
26 
91 
68 
61 
61 
95 
89 
109 
144 
40 
118 
185 
182 
114 
199 
104 
130 
85 
48 
SO 
77 
80 
76 
83 
78 
73 
107 
42 
45 

No, 

11 

6 

14 

8 

11 

12 

14 

14 

8 

10 

26 

8 

11 

9 

17 

7 

14 

10 

4 

7 

8 

12 

10 

14 

15 

14 

10 

18 

3 

5 

14 

8 

12 

5 

10 

15 

12 

9 

15 

11 

9 

6 

10 

13 

9 

8 

12 

10 

9 

17 

10 

8 

8 

6 

19 

8 

12 

24 

10 

5 

23 

16 

6 

2 

4 

12 

5 

7 

2 

5 

12 

5 

10 

7 

6 

No, 
11 
4 

14 

8 

9 

12 

11 

12 

6 

10 

0 

4 

H 

17 

5 

14 

7 

4 

7 

6 

7 

8 

11 

15 

14 

9 

16 

3 

5 

13 

8 

9 

5 

10 

18 

12 

6 

12 

11 

9 

5 

8 

13 

9 

8 

12 

8 

8 

12 

10 

7 

6 

6 

17 

4 

7 

24 

10 

5 

14 

14 

6 

2 

4 

9 

5 

7 

2 

5 

10 

5 

10 

7 

4 

No, 
0 
2 
0 
0 
0 
0 
3 
2 
0 
0 
20 
4 
0 
0 
0 
0 
0 
3 
0 
0 
2 
3 
2 
0 
0 
0 
0 
2 
0 
0 
0 
0 
3 
0 
0 
2 
0 
2 
2 
0 
0 
1 
2 
0 
0 
0 
0 
2 
1 
2 
0 
0 
2 
0 
0 
2 
3 
0 
0 
0 
5 
2 

8 

0 
3 
0 
0 
0 
0 
2 
0 
0 
0 

No, 

0 

2 

0 

8 

0 

4 

0 

5 

2 

0 

0 

7 

0 

8 

0 

9 

2 

10 

0 

11 

5 

12 

0 

18 

0 

14 

1 

15 

0 

16 

2 

17 

0 

18 

0 

19 

0 

20 

0 

21 

1 

2 

38 

0 

8 

25 

0 

0 

27 

1 

0 

29 

0 

0 

31 

1 

0 

33 

0 

0 

35 

0 

0 

37..!!! ! 

0 

1 

39 

1 

0 

41 

0 

0 

43 

0 

0 

45. 

0 

0 

47 

0 

0 

49 

0 

3 

51 

0 

52 

53    

1 

0 

0 

55 

2 

2 

57 

2 

0 

50    

0 

0 

61    

4 

0 

63 

0 
0 

65 

0 

0 

67 

0 

0 

69 

0 
0 

71 

0 

0 

73 

0 
0 

73 

0 

2 
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Tablb  8.— LflAiHOPraB  bumiT  oh  8pb4TBd  and  UmPBATSD  PtAmB,  1019. 

SummAiy  of  Tablee  3  to  7. 


Tbeatmsmt 

IJDATB8 
XXAM- 

ZNBD 

Lbatbb 

XNJUBID 

BZTBMT    OF    IMAM    BUXN 
BTIN8XCT 

Lbatis 

INJUBBD 
BT 

BT 
INBBCT 

Slight 

Modnr- 
ate 

Severe 

BnuTnia 
MoautM 

Check 

No. 
6711 

No, 
3442 

Per  cent 
51 

No. 
822 

No. 
812 

No. 
1806 

No. 
00 

Bordeaux  mixture 
with  lead  aieenate. 

4665 

621 

13 

518 

68 

35 

00 

China  clay  and  soap . 

6794 

684 

10 

596 

60 

28 

00 

Lime  and  bordeaux 
mixture 

6403 

518 

8 

467 

27 

24 

1201 

Bordeaux  mixture. . . 

5617 

775 

14 

658 

79 

38 

00 

While  chiefly  of  value  in  indicating  the  destructive  capacity  of 
the  leaihopper  as  a  potato  pest.  Tables  2  and  8  also  clearly  show 
that  injuries  to  foliage  varied  in  amount  as  well  as  in  degree  according 
to  the  severity  and  period  of  duration  of  infestation. 
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HORTICULTURE 


STUDIES  ON  THE  COST  OF  PRODUCING  GRAPES* 

F.  E.  GLADWIN 

SUMMARY 

Detailed  infonnatloa  has  been  accumulated  regarding  the  coat  of 
pfodttdng  grapes  in  three  widely  separated  vineyards  of  the  Chautau- 
qua and  Lake  Erie  fruit  belt  for  the  period  of  1915  to  xqiq,  inclusive. 

Data  are  presented  which  show  the  amounts  expended  for  main- 
tenance,  kbor,  and  harvesting  for  each  vineyard  as  well  as  for  each 
acre  cultivated  and  for  each  ton  of  grapes  inmluced.  The  net  return 
per  acre  and  per  ton  is  estimated  for  each  year  of  the  investigation 

The  average  cost  of  production  for  the  three  vineyards  during  the 
five  years  was  $74.13  per  acre,  and  the  average  cost  per  ton  of  grapes 
was  140.58. 

The  average  net  profit  per  acre  was  found  to  be  $66,649  and  the 
average  profit  per  ton  $26.31. 

It  is  concluded  that  under  intensive  management  the  growing  of 
gnpes  in  this  region  can  be  made  profitable,  in  spite  of  the  hig^  cost 
of  labor  and  supplies,  providing  the  selUng  price  cl  the  crop  is  main- 
tained at  or  near  the  level  of  the  1918  and  1919  seasons, 

INTRODUCTION 

There  has  long  been  a  need  for  definite  information  regarding  the 
cost  of  produGUig  grapes.  In  view  of  the  wide  difference  of  opinion 
that  has  arisen  between  producers  and  the  large  users  of  grapes  as 
to  what  constitutes  an  equitable  price,  it  would  seem  that  figures 
showing  the  cost  of  production  might  serve  to  bring  about  a  better 
understanding  between  the  interests  iavolved.  The  uncertain 
demand  for  manufactming  purposes  from  year  to  year  tends  to 
make  the  selling  price  of  the  crop  very  unstable,  and  this  ia  turn  is 
reflected  thru  the  whole  industry. 

Accurate  data  covering  farming  costs  have  been  most  diflScult  to 
obtain.    In  general,  the  returns  have  suflioed  if  thqr  have  been 

*  Rqxrint  of  Bulletin  Nc  479,  September,  192a 
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sufScient  to  pay  the  obligations  incurred  in  growing  the  crop.  In 
many  instances,  howeveri  the  returns  have  not  paid  even  the  cost 
of  production,  when  a  proper  valuation  is  given  to  the  labor  of  the 
grower  and  his  family. 

As  vineyard  practices  vary  greatiy  with  growers  in  the  same 
locality,  any  set  of  figures  will  represent  the  outlay  only  for  vineyards 
operated  in  like  manner.  Data  obtained  in  1909  from  an  inter- 
view with  some  500  growers  in  the  Chautauqua  and  Lake  Erie 
fruit  belt  showed  that  but  few  grape-growers  operate  their  acreages 
in  a  similar  manner.  These  data  further  indicated  that  the  methods 
used  differ  most  in  fertilizing  practice  and  in  tillage.  The  invest- 
ment in  posts,  wire,  tools,  etc.,  varies  from  year  to  year  in  the 
same  vineyard,  and  to  a  much  greater  degree  in  different  vineyards 
in  the  same  locality.  Posts  deteriorate  more  rapidly  in  some  soils 
than  in  others. 

While  many  growers  spray  as  a  regular  vineyard  operation,  the 
great  majority  have  never  done  so. 

Pruning,  altho  it  must  be  done  each  season,  is  a  variable  factor 
because  of  the  methods  followed  in  previous  seasons.  The  extent 
and  location  of  the  new  growth  affects  materially  the  speed  of  the 
pruner.  Tying,  whOe  fairly  uniform  from  year  to  year,  is  nevertiie- 
less  influenced  by  the  number  of  fruiting  canes  to  be  put  up. 

The  length  of  life  of  a  weU  cared-for  vineyard  in  this  locality  is 
not  definitely  known,  but  it  is  evident  that  it  is  not  so  short  as 
ordinarily  supposed.  Several  productive  {dantings  are  known  that 
have  been  set  for  40  years,  and  are  still  good  for  many  years  to 
come.  Again,  other  plantings  under  the  best  of  care  fail  after  yielding 
a  few  crops.  Between  these  extremes  lie  the  bulk  of  the  vine3rards, 
varying  in  length  of  life  and  productiveness  up  to  the  twentieth  year 
when  they  fail  quite  rapidly.  Unfavorable  soil  conditions,  depleted 
fertility,  over-cropping,  and  infestation  of  the  grape-root  worm  —  all 
play  their  part  in  deterioration. 

A  study  of  many  vineyards  indicates  that  they  should  be  in  their 
prime  at  from  six  to  twenty-five  years  of  age.  Unlike  some  of  the 
tree  fruits,  the  life  of  the  vine  cannot  be  accurately  divided  into 
periods  or  epochs,  for  the  bearing  age  is  reached  early  and,  under 
favorable  conditions,  uniform  crops  will  be  produced  for  a  number  of 
years.    The  fruiting  wood  of  the  vine  is  not  allowed  to  accumulate 
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from  year  to  year  as  with  tree  fruits,  the  requisite  number  of  buds 
for  satisfactory  crop  production  being  obtained  the  third  or  fourth 
year  after  planting. 

The  data  herein  presented  cover  a  period  of  five  years,  1916-1919, 
for  three  vineyards  located  in  widely  separated  parts  of  the  Chautau- 
qua and  Lake  Erie  fruit  belt.  The  results  are,  therefore,  only  an 
indication  of  the  outgo  and  income  from  acreages  worked  in  a  similar 
manner,  and  for  that  reason  have  a  somewhat  limited  application.  It 
is  realized  that  the  expenditures  in  two  of  the  vineyards  are  prob- 
ably in  excess  of  those  for  the  majority  of  vineyards  in  this  section 
or  in  any  section  of  New  York. 

EFFECT  OF  CLIMATIC  CONDITIONS 

Unfavorable  climatic  conditions  during  two  of  the  five  years 
under  discussion  influenced  the  labor  and  the  crops  in  these  vine- 
yards. The  low  yields  of  1916  and  1918  are  directly  attributable 
to  the  weather  of  the  preceding  fall  and  winter  of  each  year.  How- 
ever, the  five-year  period  di£Fered  no  more  in  this  respect  than  did 
the  five  years  immediately  preceding;  and  if  the  partial  or  com- 
plete crop  failures  for  the  past  20  years  are  taken  into  consideration, 
it  is  probable  that  the  same  ratio  would  be  maintained.  In  one  of 
the  vineyards,  work  was  seriously  interfered  with  by  prolonged  rains, 
while  many  tons  of  grapes  were  unharvested  in  1917  due  to  unseason- 
ably low  temperatures.  Such  climatic  hazards  should  receive  con- 
sideration in  determining  the  selling  price  of  grapes. 

DESCRIPTION  OF  THE  VINEYARDS 

VINBTARD  B 

Vineyard  E  contains  about  20  acres  and  is  located  on  Dunkirk 
clay  to  clay  loam  soil.  The  acreage  lies  immediately  adjacent  to  Lake 
Erie  and  has  been  planted  approximately  20  years.  It  is  typical 
of  the  vineyards  in  the  locality,  except  that  it  has  had  better  care. 
The  soil  is  inclined  to  be  wet,  and  this  has  interf erred  at  times  with 
cultiutd  practices.  Periodic  infestations  of  the  grape-root  worm 
have  occurred.  This  vineyard  is  probably  more  representative 
of  the  vineyards  found  in  the  Chautauqua  and  Lake  Erie  fruit  belt 
than  the  oUier  two. 
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YINETABD  8 

^^eyard  S  consists  of  six  acres  about  equally  divided  on  two 
soil  typesi  Dunkirk  clay  loam  and  Dunkirk  gravelly  loam.  The  part 
situated  on  the  clay  loam  has  been  planted  about  nine  years,  while 
the  portion  on  the  gravelly  loam  is  approximately  thirty  years  old. 
Both  areas  had  been  consistently  manured  or  fertilized  with  com- 
mercial materials  for  several  years  before  the  cost  data  were  recorded, 
and  likewise  annually  since  the  beginning  of  the  tabulations.  The 
pruning,  tillage,  and  other  practices  have  varied  somewhat  from  year 
to  year,  but  it  is  believed  that  these  operations  have  been  performed 
more  uniformly  than  in  the  average  vineyard.  However,  there  are 
many  vineyards  that  have  had  equally  as  good  care,  and  there  are 
perhaps  some  that  have  had  more  thoro  tillage  and  heavier  appUca- 
tions  of  manure  or  fertilizer.  Soil  variations  that  are  common  to 
most  acreages  of  any  extent  in  this  section  are  present  in  Vineyard  S 
to  a  much  greater  degree  than  in  the  other  two  vineyards.  The  older 
portion  was  of  average  productiveness  for  the  soil  type  10  years  ago. 
The  younger  portion,  on  the  clay  loam  soil,  was  tile  drained  one  year 
previous  to  planting  in  1910,  with  a  regular  system  of  laterak  two 
rods  apart  opening  into  two  mains.  The  older  portion  is  naturally 
weU  drained,  the  soil  possibly  being  too  open  for  seasons  of  drouth. 

YINETABD  B 

^^ejraid  R  contains  approximately  eij^t  acres  and  is  situated 
on  Dunkirk  clay  to  clay  loam  soil.  A  large  part  of  the  acreage  was 
tile  drained  after  planting  so  that  no  regular  system  was  followed,  but 
rather  the  lines  of  tile  were  located  so  as  to  tap  the  low  areas.  The 
vines  are  approximately  15  years  old  but,  due  to  indifferent  caie 
before  the  present  owner  took  possession,  they  have  the  appearance 
of  being  considerably  younger.  From  information  in  hand  it  would 
seem  that  this  vineyard  could  not  have  been  a  very  profitable  one 
as  many  vines  had  died  early  and  no  re-planting  had  been  done. 
Infestations  of  the  grape-root  worm  had  also  greatiy  reduced  the 
viatlity  of  many  other  vines,  so  that  the  present  owner  has  been  at 
considerable  expense  in  re-establishing  the  dead  and  missing  vines. 
This  vineyard  can  now  be  rated  above  the  average  for  those  of  the 
locality  iJtho  it  was  probably  but  average  or  below  a  few  yean 
since. 
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CHAKGES  FOR  INTEREST  AND  LABOR 

At  the  begiiming  of  the  cost  accounting  work  it  was  agreed  that 
certain  uniform  sums  should  be  charged  for  the  various  items  of 
work,  as  well  as  for  maintenance.  It  was  also  decided  that  as  vine- 
yards similar  to  the  ones  under  consideration  were  being  sold  at  $300 
per  acre,  this  valuation  would  be  a  fair  one  on  which  to  figure  the 
investment  in  land.  It  was  agreed  that  interest  on  investment 
should  be  fixed  at  6  per  cent. 

In  1915,  while  team  and  man  could  be  hired  for  $4.00  per  day,  it 
was  decided  to  charge  $5.00  in  order  to  cover  investment,  upkeep, 
and  depreciation  on  horses  and  tools.  The  rate  for  a  single  horse 
and  man  was  fixed  at  35  cents  per  hour,  while  day  labor  was  charged 
at  the  rate  of  $2.00  per  day. 

The  rates  have  of  course  increased  greatly  since  these  figures  were 
established,  and  while  Vineyards  E  and  R  met  the  advances  from 
year  to  year,  the  rates  actually  paid  for  the  working  of  Vineyard  S 
did  not  rise  until  1918.  The  reason  for  this  was  that  a  long  time 
contract  was  made  at  stipulated  prices.  '  The  maximum  was  reached 
with  Vineyard  S  in  1919,  when  the  rate  for  team  and  man  rose  to 
$6.00  per  day.  However,  even  this  advance  does  not  conform  to 
the  rates  paid  in  Vineyards  E  and  R.  In  studying  the  cost  sheets 
for  Vineyard  S  these  facts  should  be  kept  in  mind,  for  were  the  rates 
that  have  been  paid  in  Vineyards  R  and  E  figured  against  Vineyard 
S,  the  production  costs  would  be  somewhat  higher  for  the  years  1918 
and  1919  than  is  indicated.  It  was  deemed  best  to  present  the 
actual  expenditures  for  this  vineyard  rather  than  to  assume  that  the 
rates  were  the  same  as  those  prevailing  in  the  other  two  vineyards. 

The  rates  for  Vineyard  E  advanced  in  1918  to  60  cents  per  hour  for 
team  and  man,  to  45  cents  per  hour  for  single  horse  and  man,  and 
to  30  cents  per  hour  for  day  labor.  In  1919  the  rate  for  team  and 
man  advanced  to  70  cents  per  hour,  for  single  horse  and  man  to  50 
cents  per  hour,  and  for  day  labor  to  40  cents  per  hour.  The  owner  of 
this  vineyard  used  a  tractor  for  part  of  the  work  in  1918  and  1919. 
He  states  that  he  accomplished  twice  the  amoxmt  of  work  in  a  ^ven 
time  with  the  tractor  as  with  a  team.  Hence,  the  use  of  the  tractor 
has  been  charged  at  the  rate  of  $1.20  per  hour  for  1918,  and  at  the 
rate  of  $1.40  per  hour  for  1919.    The  figures  include  the  operator. 

As  previously  stated,  the  rates  for  team  and  man  hire  in  Vineyard 
S  remained  as  they  were  agreed  upon  in  1915  until  1919,  when  the 
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rate  for  team  hire  was  raised  to  16.00  per  day  and  for  a  single  hone 
and  man  to  $4.50.  The  day  labor  rate  advanced  to  S2.50  per  day 
in  1917,  and  to  $2.75  per  day  for  1918. 

The  rates  paid  by  Grower  R  remained  practically  as  decided  upon 
until  1917,  when  he  was  obliged  to  pay  $8.00  per  day  for  team  and 
man,  $4.00  per  day  for  a  single  horse  and  man,  and  $3.00  per  day 
for  day  labor.  In  1919  the  single  horse  and  man  rate  advanced  to 
60  cents  per  hour  and  day  labor  to  $4.00  per  day. 

Since  priming  is  a  more  specialized  work,  it  has  been  charged  at 
a  higher  rate  than  day  labor  for  all  three  vineyards.  During  the 
five  years  the  increase  has  ranged  from  5  to  10  cents  per  hour  more 
than  was  paid  day  labor. 

Women  are  usually  employed  for  spring  tying  and  for  picking  the 
crop.  The  rates  that  have  been  paid  for  this  work  have  varied  from 
15  cents  per  hour  in  1915  to  30  cents  in  1919.  The  proximity  to 
large  centers  of  piopulation  tended  to  keep  the  rates  lower  than  those 
paid  in  more  remote  localities. 

DISCUSSION  OF  PRODUCTION  COSTS  IN  VINEYARD  E 

MAINTENANCE 

In  Table  1  are  given  the  costs  of  maintenance  and  upkeep  of  the 
20  acres  comprising  Vineyard  E  for  the  five  year  period  together 
with  the  five  year  averages. 

It  may  be  seen  from  this  table  that,  aside  from  the  interest  charge 
on  the  investment  in  land,  the  expenditiu'es  for  maintenance  varied 
greatly  from  year  to  year.  For  example,  the  amount  spent  for 
fertilizer  and  manure  in  this  vineyard  ranged  from  $39.86  in  1915 
to  $213.40  in  1918.  The  larger  expenditure  in  the  latter  year  was 
due  directly  to  the  use  of  a  larger  amount  of  farm  manure  and  com- 
mercial nitrogen.  It  is  also  evident  that  the  money  spent  for  posts, 
wire,  tools,  etc.,  has  varied  considerably  during  the  five  years.  A 
part  of  the  variation  is  probably  due  to  a  surplus  of  the  supplies 
purchased  in  a  previous  year.  The  rate  of  post  deterioration  is 
somewhat  dependent  on  the  nature  of  the  season  as  well  as  on  the 
quality  and  seasoning  of  the  posts.  In  1918  the  vineyard  was 
seeded  to  hairy  vetch  and  rye  at  the  last  cultivation,  hence  the 
charge  of  $114,  or  $98  more  than  was  spent  in  any  other  year  for 
the  same  purpose. 
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In  Table  2  the  costs  for  Vineyard  E  have  been  reduced  to  an  acre 
basis.  It  is  at  once  apparent  that  the  interest  charge  of  $18.00  is 
the  largest  single  cost  item  involved.  The  average  cost  of  manure 
and  fertilizer,  $6.31,  is  second  in  amount.  This  average  certainly 
cannot  be  considered  excessive,  and  it  is  probable  that  the  average 
vineyardist  has  a  larger  annual  investment  in  one  or  the  other  of 
these  items.  From  a  study  of  the  totals  for  any  season,  it  will  be 
seen  that  the  greatest  variation  has  been  about  $13.54.  In  other 
words,  it  cost  this  extra  sum  for  maintenance  in  1918  as  compared 
with  the  minimum  of  1915.  A  consideration  of  the  table  shows  that 
this  grower  spent  annually  on  the  average  of  $29.56  for  interest, 
taxes,  and  supplies. 

^  In  Table  3  the  costs  have  been  further  reduced  to  a  charge  against 
each  ton  of  grapes  actually  produced  in  the  vineyard.  A  large 
percentage  of  the  grapes  grown  in  this  region  is  sold  by  the  ton  and 
it  is  on  this  basis  that  the  seUing  price  is  fixed.  The  costs  for  grow- 
ing grapes  when  figured  on  the  ton  as  a  imit  are  naturally  as  variable 
as  are  the  3deld8  from  year  to  year,  and  as  no  two  vineyards  yield 
exactly  the  same,  the  tonnage  production  costs  will  vary  in  each. 
A  consideration  of  this  table  shows  that  in  1915  a  ton  of  grapes  was 
charged  $5.92  as  its  share  of  the  interest  on  the  investment,  and  that 
on  account  of  the  low  yield  of  1918  each  ton  of  grapes  bore  a  charge 
of  $30.00  for  this  item.  Again  in  1915,  each  ton  was  assessed  64 
cents  as  a  fertilizer  and  manure  charge,  while  in  1918  each  ton  rep- 
resents an  investment  of  $17.78. 

If  the  same  amount  was  invested  each  season  for  the  different 
items,  and  if  the  tonnage  per  acre  was  uniform,  then  ton  production 
costs  would  be  the  same  from  year  to  year.  However,  the  tables 
show  that  these  conditions  are  not  met  and  it  is  to  be  noted  that  a 
high  yield  means  low  ton  production  cost,  while  a  light  crop  entails 
a  larger  production  charge.  By  consulting  the  totals  for  maintenance 
for  the  several  years  it  is  seen  that  maintenance  cost  the  least  per 
ton  in  1915,  when  a  crop  of  three  tons  per  acre  was  produced,  and 
that  each  ton  cost  the  most  in  1918  when  the  lightest  yield  of  the 
five  years  was  harvested.  The  five  year  average  of  $24.41  probably 
represents  the  investment  of  the  majority  of  the  growers  in  this 
section  for  maintenance.  As  most  of  the  expenditures  influence 
the  crop  for  more  than  the  season  in  which  the  investment  is  made. 
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it  would  seem  that  the  average  for  the  five  years  is  a  better  index  to 
the  cost  of  maintaimng  the  vineyard  than  the  cost  for  any  one  year. 

labor 

Table  2  shows  that;  considering  collectively  the  various  opera- 
tions, the  tillage  item  was  the  largest  in  the  labor  costs.  The  amount 
invested  per  acre  for  this  purpose  ranged  from  $4.05  in  1917  to  S12.40 
in  1918.  The  average  for  the  five  years  amounted  to  $7.03.  The 
climatic  conditions  which  prevailed  in  the  spring  and  thruout  the 
growing  season  greatly  influenced  tillage  operations.  At  this  time 
scarcity  of  labor  is  another  controlling  factor. 

Pruning  was  the  second  largest  item  of  expense.  The  range  for 
this  work  from  year  to  year  does  not  equal  that  for  tillage.  The 
varying  amounts  may  be  attributable  to  a  greater  or  lesser  quantity 
of  wood  to  be  pruned  away,  to  the  skill  of  the  pruner,  or  to  the  wage 
paid.  The  average  of  $3.44  for  the  five  years  approaches  the  average 
expense  for  many  vineyardists.  It  is  further  seen  from  the  five  year 
averages  of  Table  2  that  it  has  cost  about  the  same  to  clear  the  pruned 
wood  from  the  wire  and  to  dispose  of  it  as  it  has  to  repair  the  trellis. 
Attention  is  directed  to  the  marked  uniformity  of  the  total  labor 
expense  for  the  years  1915, 1916,  and  1917,  and  again  to  that  for  1918 
and  1919.  The  higher  costs  of  the  latter  two  years  are  probably 
due  to  the  higher  cost  of  man  and  horse  labor. 

Reference  to  Table  3  discloses  the  fact  that  the  highest  labor 
charge  against  each  ton  is  for  tillage.  In  1915  each  ton  of  grapes 
produced  cost  $1.65  for  tillage,  while  in  1918  each  ton  had  to  bear  a 
charge  of  $20.66  for  this  item.  A  comparison  of  this  table  with 
Tables  4  and  7  indicates  that  the  tillage  of  Yineyard  E  has  not  been 
as  intensive  as  that  of  Vineyards  R  and  S.  The  average  tillage 
cost  for  the  five  years,  $6.67,  is  probably  more  representative  of  the 
usual  expenditure  for  this  purpose  than  is  that  of  Vineyards  R  and  S. 
It  should  be  noted  that,  as  in  the  case  of  maintenance,  the  higher 
yield  reduces  the  labor  charge  against  each  ton  and  that  low  3rields 
increase  the  charge.  In  other  words,  it  cost  but  $4.47  for  labor  in 
producing  a  crop  of  three  tons  of  grapes  per  acre  in  1915,  while  in 
1918,  when  only  0.6  ton  was  harvested,  each  ton  cost  $36.14.  The 
same  correlation  holds  for  the  other  years  of  the  period  under  dis- 
cusflion. 
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UPIOBBF 

Table  2  gives  the  upkeep  expense  per  acre  for  each  of  the  five 
years  and  the  average  for  the  period.  The  amount  involved  ranged 
from  $36.54  in  1915  to  $58.04  in  1918.  The  reduced  expenditure 
for  fertilizer  in  1919  as  well  as  the  omission  of  certain  tillage  opera- 
tions, lowered  the  expense  of  upkeep  for  that  season  as  compared 
with  1918.  The  difference  in  upkeep  costs  between  the  seasons  of 
1917  and  1918  is  probably  due  in  part  to  the  higher  rates  of  the 
latter  year.  It  is  seen  that  in  this  vineyard  it  has  cost  on  the  average 
$47.28  per  acre  to  bring  the  crop  to  the  harvest  stage. 

When  Table  3  is  studied^  the  influence  of  the  size  of  crop  on  the 
total  upkeep  expense  assessed  against  each  ton  is  further  emphasized. 
In  other  words,  each  ton  of  grapes  produced  in  1918  cost  more  than 
eight  times  the  amount  that  each  ton  cost  is  1915.  It  will  be  seen 
that  between  these  extremes,  ton  production  cost  is  quite  propor- 
tional to  yield.  The  average  cost  of  $38.96  assessed  against  each 
ton  for  the  five  years  is  an  indication  of  what  the  grower  should 
receive  on  his  investment. 

HARVESTINO 

Harvesting  expenses  fluctuate  considerably  with  the  size  of  the 
crop  and  with  the  manner  in  which  it  is  handled,  whether  in  crates 
or  baskets.  It  costs  less  to  pick  in  crates  and  handle  subsequently 
than  to  harvest  in  12  quart  baskets,  the  smaller  packages  incurring 
a  still  higher  cost.  Within  certain  limits  it  costs  just  as  much  to 
harvest  a  small  crop  as  one  considerably  larger,  but  as  the  differ- 
ence between  yields  becomes  wider  the  cost  of  handling  becomes 
higher. 

From  Table  2  it  is  seen  that  the  charge  per  acre  for  harvesting 
varied  from  $8.65  in  1917  to  $17.12  in  1916  or  approximately  twice 
as  much.  In  this  instance  the  tonnage  3deld  per  acre  in  1916  was 
about  double  that  harvested  in  1917.  The  crop  of  1918  was  only  half 
as  large  as  that  of  1917,  and  yet  it  cost  $1.27  more  to  harvest  it.  It 
has  cost  on  an  average  of  $13.16  to  harvest  the  crop  from  an  acre 
in  this  vineyard,  the  average  production  of  which  has  been  1^1  tons 
per  acre  for  the  five  years.  This  cost  seems  high  but  when  it  is  con- 
sidered that  this  charge  includes  hauling,  handling,  and  covering 
the  packages  it  is  not  excessive. 
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A  study  of  Table  3  shows  that  it  has  cost  from  $4.27  to  $16.53 
a  ton  to  harvest  the  grapes  of  this  vineyard  during  the  past  five 
years.  A  grower  with  a  large  acreage  kept  cost  accounts  over  the 
period  of  190S-1912,  inclusive,  and  found  that  it  cost  $4.00  to  har- 
vest a  crop  of  one  ton  per  acre  dining  these  years,  and  that  this 
cost  was  increased  if  the  fruit  was  graded  as  picked.  The  higher 
labor  rates  are  reflected  in  the  costs  of  1918  and  1919.  The  average 
cost  for  the  five  years,  $8.96,  for  picking  and  hauling  a  ton  of  grapes, 
does  not  appear  excessive  in  view  of  the  higher  labor  and  horse 
rates  that  have  been  paid  in  recent  years. 

total  cx)8T  of  production 

Table  2  shows  that  it  has  cost  from  $49.54  to  $68.01  per  acre 
to  pay  the  interest  charge,  taxes,  and  insurance,  to  purchase  supplies, 
and  to  provide  the  labor  for  growing  and  harvesting  the  crop  in 
vineyard  E.  It  is  also  evident  that  the  total  acre  production  costs 
were  highest  in  1918  and  1919,  and  that  the  amounts  for  these  years 
were  practically  the  same.  The  average  for  the  five  years,  $60.44, 
is  probably  less  than  that  for  vineyards  of  which  this  one  is  typical. 

In  these  figures  no  account  has  been  taken  of  the  cost  of  vineyard 
equipment,  depreciation,  and  repairs.  The  Department  of  Farm 
Management  at  Cornell  has  found  that  imder  pre-war  conditions 
such  costs  averaged  about  5  cents  per  horse  hour,  and  also  that  it 
has  probably  doubled  since  that  time.  Using  the  average  of  7} 
cents  per  hour,  and  multiplying  by  24  horse  hours,  the  number  given 
to  each  acre  as  the  average  for  the  five  years,  it  is  found  that  $1.81 
should  be  added  to  the  acre  production  cost  of  $60.44. 

No  data  are  available  as  to  what  should  be  charged  for  upkeep 
and  depreciation  on  the  tractor.  However,  if  it  be  assumed  that  the 
one  owned  by  this  grower  cost  $1200  and  that  its  life  is  eight  years, 
then  the  depreciation  would  amount  to  $150  annually.  There  are 
approximately  90  days  during  the  season  that  a  tractor  may  be  used 
in  farm  work.  If  the  above  figures  are  reduced  to  depreciation  per 
hour,  there  should  be  charged  off  about  17  cents  for  £ach  hour  the 
tractor  was  used.  As  the  tractor  was  used  but  little  in  vineyard 
work,  only  $1.35  should  be  added  to  the  total  acre  production  cost. 
The  yearly  acre  average  for  this  vineyard  then  is  raised  to  $63.60. 

Reference  to  Table  3  shows  that  the  total  cost  of  production  per 
ton  varied  from  $16.24  in  1915  to  $113.24  in  1918,  or  in  other  words. 
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it  cost  seven  times  more  to  produce  a  ton  of  grapes  in  1918  than  in 
1915.  It  is  interesting  to  note  that  from  1915  thru  1918  the  3rields 
per  acre  have  declined  and  that  the  total  ton  production  costs  have 
increased.  The  effect  of  increased  tonnage  on  production  cost  is 
noted  from  a  comparison  of  the  figures  of  1918  and  1919.  In  1918 
the  peak  of  high  cost  was  reached.  The  average  ton  production 
expense  over  the  five  years  is  seen  to  be  $47.92.  This  figure  at  first 
glance  seems  to  be  high,  but  reference  to  cost  figures  from  another 
extensive  acreage  confirms  this  total. 

NET  RETURN 

A  study  of  Table  2,  which  gives  the  tonis  produced  each  year, 
the  selling  price,  and  the  net  profit  per  acre,  discloses  the  fact  that 
this  vineyard  has  3delded  a  profit  in  three  of  the  five  years  ranging 
from  $40.14  per  acre  in  1915  to  $96.75  in  1919.  It  is  further  evident 
that  in  two  years  a  loss  has  been  sustained  and  that  the  highest 
selling  price  was  obtained  in  one  of  these  years.  It  is  indicated  by 
these  figures  that  the  selling  price  is  not  proportional  to  the  yield 
nor  to  the  cost  of  production  but  rather  seems  to  be  a  hit  or  miss 
figure.  It  is  further  evident  that  the  money  return  from  acreages 
of  low  yield  is  not  proportional  to  the  size  of  the  crops  as  is  generally 
supposed. 

Table  2  shows  that  an  average  annual  profit  of  $39.30  per  acre 
was  secured  over  the  five  years.  With  an  investment  in  land  of  $300 
per  acre,  Vineyardist  E  has  made  13  per  cent  as  the  average  of  the 
five  years.  It  certainly  cannot  be  claimed  that  this  grower  has 
profiteered,  for  considering  the  uncertainties  of  farming  in  general 
and  grape  growing  in  particular,  he  should  not  be  expected  to  con- 
duct his  business  on  a  profit  basis  of  less  than  20  per  cent. 

Table  3  presents  the  net  profit  for  each  ton  of  grapes  grown  and 
sold  at  the  market  prices  prevailing  for  the  several  years  of  the 
investigation.  In  1917  each  ton  of  grapes  sold  at  $2.35  less  than 
it  cost  to  grow  them,  while  in  1919  each  ton  netted  $57.79.  It  is 
emphasized  further  that  no  correlation  has  existed  between  yield 
and  selling  price.  The  table  shows  that  the  average  profit  for  each 
ton  of  grapes  over  the  five  years  has  been  $18.56.  If  the  average 
yields  for  the  period  had  been  4  or  5  tons  per  acre,  the  returns  could 
be  considered  satisfactory,  but  as  this  vineyard  has  averaged  only 
1.8  tons,  the  owner  cannot  profitably  continue  on  the  same  basis 
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as  he  has  in  the  past.  The  average  tonnage  for  the  entire  "  Belt " 
for  the  past  several  years  is  considerably  less  than  1.8  tons,  hence 
the  gain  from  many  vineyards,  unless  their  production  costs  have 
been  considerably  lower  than  in  this  vineyard^  must  have  been  less 
than  that  obtained  by  Grower  E. 

DISCUSSION  OF  PRODUCTION  COSTS  IN  VINEYARD  S 

BtAINTENANCE 

Figures  showing  the  costs  of  maintenance,  labor,  upkeep,  and 
harvest  for  the  6-acre  Vineyard  S  for  each  of  the  five  years  are  given 
in  Table  4,  together  with  the  five  year  averages  for  each  of  the  items. 
The  charges  are  reduced  to  an  acre  basis  in  Table  5  and  to  cost  per 
ton  in  Table  6. 

In  this  vineyard,  as  in  Vineyard  E,  the  interest  on  the  investment 
in  land  has  been  the  largest  single  annual  expenditui-e  for  main- 
tenance, and  the  cost  of  fertilizer  second.  While  the  rate  for 
borrowed  money  remained  the  same  for  the  five  years,  Table  5 
shows  the  advance  in  price  of  the  fertilizer  elements.  In  1915  the 
amount  invested  in  fertilizer  for  each  acre  was  $11.31,  while  in  1919 
the  same  amount  of  like  materials  cost  $19.16.  The  rather  low 
charges  for  posts,  wire,  tools,  staples,  etc.,  are  due,  in  large  part,  to 
the  fact  that  one-half  of  this  acreage  is  of  recent  planting,  hence 
the  trellis  has  not  required  much  repair.  The  variation  in  the  cost 
of  green-manure  seed  is  largely  attributable  to  the  different  crope 
employed  for  this  purpose,  except  that  the  greater  cost  for  1919  over 
1918  is  due  to  the  higher  selling  price  of  seed  for  that  year.  The 
increased  charge  for  spray  materials  in  1918  represents  the  advance 
in  cost  of  the  materials  used.  The  marked  uniformity  of  the  totals 
for  the  seasons  of  1915,  1916,  and  1917,  and  for  1918  and  1919  is 
worthy  of  note.  The  total  maintenance  expense  for  the  first  three 
years  varied  by  $3.86,  while  the  totals  for  1918  and  1919  varied 
by  but  43  cents.  However,  had  spraying  been  done  in  1919,  the 
maintenance  for  that  year  would  have  increased  this  difference. 

It  is  clearly  evident  from  a  study  of  the  figures  given  in  Table 
6  that  the  cost  per  ton  of  producing  grapes  was  little  affected  by 
fluctuations  in  the  cost  of  materials,  but  rather  by  differences  in 
yield.  The  charge  for  maintenance  in  1918  shows  the  effect  of  low 
yield  on  the  cost  of  each  item  imder  this  heading.    In  the  case  of 
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the  1915,  1917,  and  1919  crops  which  varied  within  0.1  ton,  the  cost 
for  maintenance  in  1917  was  just  SI  .27  and  in  1919,  S2.91  more  per 
ton  than  in  1915.  It  is  plain,  therefore,  that  the  investment  for 
maintenance  was  quite  uniform.  The  average  annual  charge  per 
ton  for  maintenance  was  $21.05. 

LABOR 

As  with  Vineyard  E,  tillage  has  been  the  heaviest  charge  in  the 
labor  accounting  in  Vineyard  S  altho  the  cost  for  tillage  in  the  latter 
has  not  fluctuated  as  greatly  as  in  the  former.  Thus,  in  1915,  $10.22 
per  acre  was  expended  for  this  piupose  while  in  1919  the  charge 
was  $9.37  per  acre.  TiUage  operations  in  tiiis  vineyard  have  been 
governed  largely  by  the  frequency  of  rainfall.  As  a  consequence,  even 
tho  the  rate  per  hour  charged  for  labor  has  increased  in  later  years, 
weather  conditions,  especially  as  to  rainfall,  have  in  part  counter- 
balanced the  increase.  This  vineyard  also  has  been  ^ven  the  same 
general  tillage  aside  from  harrowing,  year  in  and  year  out,  and  this 
has  tended  to  keep  uniform  the  tillage  cost. 

The  cost  for  pruning  takes  second  rank  in  the  labor  charges,  and 
here  the  annual  variation  has  been  considerable.  In  large  part  the 
increased  costs  of  1918  and  1919  are  due  to  the  higher  rate  paid 
for  labor  in  these  years.  The  five  year  average  of  $4.25  per  acre 
is  probably  higher  than  for  the  average  vineyard. 

Considering  the  total  labor  expense  for  each  of  the  five  years, 
it  is  seen  that  a  very  similar  amount  was  invested  in  1915,  1916,  and 
1917,  while  the  variation  for  the  years  1918  and  1919  was  only 
about  $2.00. 

Reference  to  Table  6  shows  that  a  total  of  $11.63  was  spent  for 
tillage  in  1918  for  each  ton  of  grapes  produced,  while  only  $2.25  was 
invested  for  this  purpose  in  1917.  In  1918  it  cost  $5.82  per  ton  for 
pruning,  while  in  1915  the  amount  chargeable  against  each  ton  was 
but  88  cents.  The  labor  exp)ense  per  ton  has  varied  from  $5.63  in 
1915  to  $25.62  in  1918,  while  the  average  for  the  five  years  was  $10.86. 

UPKEEP 

According  to  Table  5,  the  cost  of  upkeep  per  acre  in  Vineyard  S 
ranged  from  $58.51  to  $73.74.  It  should  be  noted  that  this  item 
varied  but  Uttle  in  1915,  1916,  and  1917,  and  likewise  that  the  cost 
for  the  years  1918  and  1919  varied  by  only  $1.66.    The  average 
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of  S65.56  for  the  five  years  represents  the  total  invested  in  upkeep 
per  acre  for  this  vineyard.  The  total  upkeep  chargeable  against 
each  ton  of  grapes  produced,  as  shown  in  Table  6,  varied  considerably 
over  the  period  studied,  the  amount  ranging  from  $17.23  in  1915  to 
$71.56  for  1918.  Attention  is  directed  to  the  uniformity  of  this 
item  for  the  years  1915  and  1917  when  the  yields  varied  by  but 
0.03  ton.  The  average  annual  cost  of  upkeep  per  ton  of  grapes  was 
$31.91. 

HARVESTINO 

Table  5  shows  that  it  cost  from  $8.41  to  $26.98  per  acre  to  harvest 
the  crop  from  Vineyard  S.  Reference  has  already  been  made  to 
factors  other  than  variations  in  yield  which  influence  the  cost  of 
harvesting.  If  these  factors  remained  constant,  a  study  of  harvest 
cost  would  mean  much  more  than  is  here  indicated;  however,  a  con- 
sideration of  this  item  on  the  basis  of  costs  per  ton  is  fairly  suggestive. 
In  Table  6,  it  is  seen  that  this  charge  was  highest  in  1918  and  1919, 
while  that  for  1915  follows,  with  the  cost  for  the  years  1916  and  1917 
ranking  lowest  and  being  quite  uniform.  The  higher  cost  for  har- 
vesting in  1915  is  directly  attributable  to  the  package  used  while 
that  for  1918  and  1919  was  due  wholly  to  the  increased  wage  paid 
during  those  years.  The  average  annual  cost  per  ton  to  harvest 
grapes  from  this  vineyard  was  $6.82. 

TOTAL  COST  OF  PRODUCTION 

An  examination  of  Table  5  shows  that  it  cost  from  $72.59  per  acre 
in  1916  to  $99.06  in  1919  to  grow  and  harvest  the  crop  in  Vineyard 
S.  The  average  cost  of  production  for  the  five  year  period  was 
$83.22.  Data  kept  by  careful  growers,  covering  several  years  up 
to  and  including  1912  show  that  it  cost  from  $55.00  to  $60.00  to 
produce  the  crop  from  an  acre  of  grapes. 

The  total  cost  of  producing  a  ton  of  grapes  as  shown  in  Table  6 
was  lowest  in  1917  at  $23.75,  and  highest  in  1918  at  $79.72.  The 
years  of  fairly  uniform  tonnage,  1915,  1917,  and  1919,  likewise  show 
a  quite  uniform  cost  of  production  per  ton.  Each  ton  of  grapes 
harvested  in  this  vineyard  cost  on  the  average  $38.73  for  the  five 
year  period. 

NET  RETURN 

Vin^ard  S  produced  a  profit  on  the  investment  in  each  of  the 
five  yeai8|  altho  the  gain  has  been  quite  variable.    Reference  to 
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Table  5  shows  that  the  smallest  net  gain  per  acre  was  received  in 
1915,  and  amounted  to  $19.13;  while  the  maximum  gain  was  realized 
in  1919  and  amounted  to  $227.48.  The  highest  price  per  ton  was 
paid  in  1918  but  the  low  yield  of  that  season  reduced  the  profit 
per  acre  to  a  little  more  than  one-half  that  of  the  previous  year 
with  a  yield  three  times  greater  and  a  selling  price  of  three-eighths 
that  of  1918.  This  again  emphasizes  the  fact  that  low  yields,  even 
if  sold  at  apparently  high  prices,  do  not  give  the  returns  realized 
from  medium  to  above  mediiun  yields  sold  at  considerably  lower 
prices.  In  1919  the  tonnage  per  acre  produced  in  Vineyard  S  was 
relatively  high  and,  with  a  selling  price  of  $99.25,  a  very  satisfactory 
profit  was  realized.  However,  as  large  buyers  of  grapes  usually 
fix  their  purchase  price  on  the  average  supply  in  sight,  without 
regard  to  the  cost  of  production,  the  yearly  profit  becomes 
problematical. 

From  Table  6  it  will  be  seen  that  each  ton  of  grapes  grown  in 
1915  sold  at  a  profit  of  $5.68,  not  an  encouraging  return.  The 
profit  per  ton  increased  regularly  from  that  year  thru  1919  when 
the  maximiun  profit  of  $69.12  was  received.  However,  the  average 
profit  of  $27.85  per  ton  realized  for  the  five  year  period  would  not 
seem  large  enough  to  stimulate  the  grower  to  increase  his  acreage 
materially,  especially  in  view  of  the  mounting  cost  of  supplies  and 
the  scarcity  of  labor.  The  average  tonnage  per  acre  for  the  five 
years  is  somewhat  higher  than  for  vineyards  situated  on  similar  soil 
and  under  good  cultivation,  so  that  the  profits  from  Vineyard  S  are 
probably  in  excess  of  the  returns  from  many  vineyards,  altho  some 
have  done  better. 

DISCUSSION  OF  PRODUCTION  COSTS  IN  VINEYARD  R 

maintenance 

The  data  covering  Vineyard  R  are  found  in  Tables  7,  8,  and  9. 
In  Table  7  the  total  costs  for  maintenance,  labor,  upkeep,  and  harvest 
are  given  for  the  entire  8  acres.  In  Table  8  these  figures  are  reduced 
to^the  acre  basis,  while  in  Table  9  the  figures  represent  the  charge 
against  each  ton  of  grapes  produced. 

it  will  be  noted  from  Table  7  that,  aside  from  the  interest  charge, 
the  items  for  maintenance  have  been  quite  variable.  The  fertilizer 
charges  have  been  very  irregular  except  in  two  of  the  five  seasons, 
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but  the  greatest  variation  has  occurred  with  such  supplies  as  pxnts, 
wire,  etc.  However,  as  previously  stated,  the  cost  of  items  of  this 
character  should  be  considered  only  over  a  period  of  years  as  a  large 
expenditure  for  them  in  one  season  lessens  the  cost  for  one  or  more 
years  following.  The  practice  of  replacing  vines  has  been  followed 
consistently,  and  the  higher  amount  spent  for  this  purpose  in  1919 
is  in  large  part  due  to  the  increased  selling  price  of  grape  roots. 

From  Table  8  it  will  be  noted  that,  aside  from  the  interest  charge, 
the  cost  for  fertilizer,  manure,  etc.,  has  been  the  largest  expenditure 
per  acre  over  the  five  years,  and  that  closely  following  this  is  the 
charge  for  taxes  and  insurance.  The  minimum  investment  for  main- 
tenance has  been  for  green  manure  seed  due  to  the  fact  that  this 
practice  has  been  omitted  in  two  of  the  five  years. 

A  study  of  Table  9  shows  that  the  maximum  charge  for  main- 
tenance for  each  ton  of  grapes  produced  occurs  in  1918  and  the 
minimum  charge  in  1919.  The  greater  yield  in  the  latter  year 
reduced  the  sum  charged  against  each  ton  and  in  spite  of  higher 
rates  for  supplies,  the  maintenance  cost  was  reduced.  The  total 
cost  of  maintenance  for  the  years  1916,  1916,  and  1917  varied  but 
Kttle  due  to  the  fact  that  quite  similar  yields  were  harvested  during 
these  years. 

LABOR 

Reference  to  Table  8  shows  that  of  the  money  invested  for  labor 
by  far  the  greater  amount  was  spent  for  tillage.  The  minimum 
charge  of  $7.86  was  paid  in  1917,  while  the  maximum  of  $16.75  was 
invested  in  1919.  The  increased  amounts  paid  in  both  1918  and 
1919  are  directly  attributable  to  higher  rates  of  man  and  horse  hire 
in  these  years.  It  cost  approximately  equal  amounts  per  acre  to 
prune,  dispose  of  the  piimed  wood,  and  keep  the  trellis  in  repair 
over  the  five  year  period.  As  spraying  and  green  manuring  were 
practiced  irregularly,  the  cost  of  these  operations  was  very  small. 

In  Table  9,  where  the  charges  are  reduced  to  the  cost  per  ton  of 
grapes,  it  is  seen  that  the  minimiun  expenditure  for  labor  was  in 
1917  when  each  ton  bore  a  charge  of  $7.33,  while  the  maximum  charge 
of  $26.94  occurred  in  1918.  As  already  noted,  more  money  per 
acre  was  spent  in  1919,  yet  with  a  greater  production  than  in  any 
of  the  five  years  the  per  ton  cost  was  reduced  very  nearly  to  the 
average  level  of  former  years  of  lower  labor  rates.  It  has  cost  $12.33 
^cr  ton  tot  labor  as  an  average  for  the  five  years.    This  is  probably 
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rather  low  for  the  average  vineyardist  since  the  yields  in  this  vine- 
yard have  been  consistently  higher  than  those  secured  in  this  region. 

UPKEEP 

The  total  upkeep  expense  per  acre  for  Vineyard  R  ranged  from 
$48.66  in  1916  to  $74.75  in  1919,  while  the  average  for  the  five  year 
period  was  $60.41.  The  maximum  upkeep  per  ton  was  $55.19  in 
1918,  the  year  of  minimum  yield,  while  each  ton  cost  the  minimum 
of  $18.98  in  1917.  Each  ton  cost  on  an  average  of  $27.40  for  the 
five  years. 

HARVESTING 

The  cost  per  acre  for  harvesting  the  crop  from  this  vineyard 
(Table  8)  rapged  from  $12.10  in  1916  to  $29.47  in  1919  when  the 
maximum  yield  for  the  five  years  was  secured.  It  is  interesting  to 
note  that  it  cost  more  to  harvest  the  1918  crop  which  was  the  lowest 
for  the  period,  than  it  did  to  harvest  the  1915  or  1916  crops  which 
were  more  than  twice  as  large.  As  previously  noted,  the  containers 
used  in  1918  may  have  been  partly  responsible  for  this  difference. 

From  Table  9  it  is  seen  that  the  cost  per  ton  of  harvesting  the 
crop  varied  from  $4.90  in  1916  to  $12.58  in  1918,  and  furthermore 
that  the  cost  in  1919  was  but  slightly  higher  than  in  1917,  altho 
the  yield  was  a  ton  per  acre  greater.  It  has  cost  on  the  average  for 
the  five  year  period  $7.69  to  hai-vest  a  ton  of  grapes. 

TOTAL  COST  OP  PRODUCmON 

The  total  cost  of  production  per  acre  (Table  8)  in  Vineyard  R 
ranged  from  $60.76  in  1916  to  $104.22  in  1919.  Aside  from  the 
low  cost  for  1916  and  the  high  figure  for  1919,  the  expenditures  have 
been  remarkably  uniform  for  the  other  years.  The  total  cost  of 
production  per  acre  averaged  $78.74. 

•  Table  9  shows  that  the  lowest  cost  of  production  per  ton  occurred 
in  1916,  while  the  highest  cost  was  in  1918,  the  year  of  lowest  yield. 
Attention  is  directed  to  the  marked  uniformity  of  costs  for  the  years 
1915,  1916, 1917,  and  1919.  The  average  for  the  five  years,  $35.09, 
shoiild  form  some  basis  for  fixing  the  selling  price  in  the  future  for, 
during  the  past  ten  years,  grapes  have  sold  for  considerably  less 
than  this  figure. 
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net  return 

^i^eyard  R  has  returned  a  net  profit  per  acre  (Table  8)  each  year 
ranging  from  S26.80  in  1915  to  S249.18  in  1919.  The  greatest  profit 
was  derived  in  the  year  of  maximum  yield  for  the  period,  altho  the 
selling  prioe  for  that  year  was  less  than  for  the  previous  season. 
The  five  year  average  of  $86.76  has  returned  to  this  grower  a  very 
satisfactory  profit  per  acre;  and  if  the  business  were  larger,  the 
income  therefrom  would  be  sufficient  to  meet  the  needs  of  the  average 
family  in  normal  times. 

Table  9  shows  that  the  minimum  profit  per  ton  was  secured  in 
1915  when  the  minimum  price  of  the  five  years  was  paid.  The 
maximum  profit  was  obtained  in  1919  when  the  largest  yield  was 
seciu^  and  when  the  average  selling  price  of  the  crop  was  $95.00 
per  ton.  The  average  profit  of  $32.54  per  ton  for  the  period  has 
returned  a  very  satisfactory  percentage  on  the  investment  in  this 
vineyard.  The  returns  in  this  instance  indicate  that  the  fairly 
uniform  yields  produced  in  four  of  the  five  years  have  contributed 
materially  to  the  financial  gain  that  this  vineyard  shows.  However, 
if  a  charge  were  to  be  made  for  the  time  spent  by  the  grower  in 
superintending  the  work,  the  profit  would  be  considerably  less. 
Grower  R  has  devoted  quite  a  little  time  to  this  work  without  which 
it  is  probable  that  the  high  yields  could  not  have  been  secured. 

COMPARISON  OF  THE  DIFFERENT  VINEYARDS 

A  consideration  of  the  data  secured  from  the  three  vineyards  may 
throw  some  Ught  on  the  effect  upon  profits  of  the  different  methods 
of  management.  The  vineyards  are  located  in  widely  separated 
parts  of  the  grape  belt.  However,  two  of  them  are  situated  on 
very  similar  soil  types  while  a  portion  of  the  third  is  on  much  the 
same  sort  of  soil.  Probably  two-thirds  of  the  vineyards  of  the 
section  are  on  soils  similar  to  those  of  Vineyards  E  and  R. 

Vineyard  E  has  been  owned  by  the  present  occupant  for  many 
years,  but  Vineyards  R  and  S  have  been  under  the  present  manage- 
ment for  the  past  ten  years  only. 

Vineyards  E  and  R  are  so  alike  as  to  soil  that  they  should  be 
equally  productive  and  if  the  same  attention  was  given  to  each 
operation  the  cost  in  the  one  should  not  exceed  that  in  the  other. 
It  is  generally  conceded  that  vine3rard8  situated  on  the  lighter 
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BoilSy  sach  as  Dunkirk  graveQy  loam,  are  worked  more  easily  and 
cheaply  than  those  on  clay  and  day  bam  soils. 

MAINTENANCE 

From  Tables  2, 5,  and  8  it  will  be  seen  that  the  average  total  main« 
tenance  per  acre  for  Vineyard  R  exceeded  that  of  vineyard  E  by 
S4.13,  while  that  for  Vineyard  S  was  $14.23  more.  The  larger  part 
of  this  increase  was  spent  for  fertilizer  and  green  manure  seed  altho 
over  $2.00  of  it  went  for  taxes  and  insurance.  The  proximity  to 
town  has  made  the  tax  rate  for  Vineyard  S  considerably  higher  than 
for  Vineyard  E.  While  Vineyards  E  and  R  have  had  very  similar 
amounts  invested  in  fertilizer  and  manure,  the  kinds  and  prices  for 
the  two  have  been  quite  different.  Grower  E  spent  a  large  part  of 
his  money  for  conunercial  phosphorus  and  stable  manure,  while 
Growers  R  and  S  invested  largely  in  commercial  nitrogen  and  phos- 
phorus. 

While  it  cost  less  per  acre  to  maintain  \^eyard  E  than  Vine3rards 
R  and  S,  Tables  3,  6,  and  9  show  that  the  cost  per  ton  in  the  former 
has  been  the  greatest,  amounting  to  $9.34  more  than  for  Vineyard 
R  and  $3.36  more  than  for  Vineyard  S. 

LABOB 

Turning  to  the  labor  items,  it  is  to  be  noted  that  Growers  E  and 
R  have  spent  very  similar  amounts  for  pruning,  wliile  it  has  cost 
Grower  S  about  75  cents  more  per  acre  to  prune  his  vines.  Growers 
E  and.S  have  spent  approximately  like  amounts  for  removing  the 
brush  from  the  wires  and  for  its  final  disposal,  while  Grower  R  has 
spent  on  an  average  of  $1.00  per  acre  more.  Grower  R  has  also 
invested  considerably  more  in  trellis  repairs  than  either  Growers 
E  or  S.  The  amoimt  spent  for  spring  tying  was  quite  similar  in 
Vineyards  E  and  S,  while  this  item  cost  about  75  cents  per  acre  more 
in  Vineyard  R.  Grower  E  invested  on  an  average  $7.03  per  acre 
for  tillage.  Grower  S  $9.88,  and  Grower  R  $11.73.  It  will  be  noted 
that  the  average  total  labor  expense  per  acre  for  the  five  years  for 
Vine3rard  R  is  the  highest,  $26.72,  as  compared  with  $17.72  for  ^^e- 
yard  E  and  $21.77  for  Vineyard  S.  However,  each  ton  of  grapes 
has  cost  Grower  E  $2.22  more  for  labor  than  it  has  Grower  R  and 
$3.69  more  than  Grower  S. 
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UPKEEP 

The  total  expense  of  upkeep  for  Vineyard  E  averaged  $47.28  per 
acre,  or  $13.13  less  than  for  Vineyard  R,  and  $18.28  less  than  for 
Vineyard  S.  The  increase  in  the  case  of  Vineyard  S  was  due  laigely 
to  increased  costs  of  maintenance,  while  the  increase  in  Vineyard  R 
was  in  maintenanoe  and  tillage. 

From  Tables  3,  6,  and  9  it  will  be  seen  that  the  total  average 
upkeep  per  ton  of  $38.96  in  Vineyard  E  was  $11.56  more  than  in 
Vineyard  R  and  $7.05  more  than  for  Vineyard  S. 

HARVESTING 

Similar  amounts  have  been  spent  in  the  three  vineyards  for  har- 
vesting as  the  average  of  the  five  years,  the  cost  in  Vineyard  E 
being  less  per  acre  than  in  Vineyards  R  or  S,  altho  the  average 
tonnage  handled  has  been  considerably  less  in  Vineyard  E  than 
in  the  others.  Vineyards  R  and  S,  with  approximately  the  same 
average  yields,  show  a  difference  in  the  cost  of  handling  of  about 
67  cents. 

The  cost  of  harvesting  per  ton  varied  but  little  in  the  three 
vineyards.  Vineyards  E  and  R  differed  by  $1.27  per  ton,  while  the 
cost  of  harvesting  a  ton  in  Vineyard  S  has  been  87  cents  less  than 
in  Vineyard  R. 

TOTAL  COST  OF  PRODUCTION 

The  total  cost  of  production  in  Vineyard  E  averaged  $60.44  per 
acre,  that  for  Vineyard  R  $78.74,  and  that  for  Vineyard  S  $83.22. 

Tables  3,  6,  and  9  show  that  it  cost  on  an  average  $12.83  more 
to  grow  and  harvest  a  ton  of  grapes  in  "^neyard  E  than  in  Vineyard 
R  and  $9.19  more  than  in  Vineyard  S.  The  higher  tonnages  secured 
in  Vineyards  R  and  S  have  been  sufficient  to  overcome  the  differences 
in  costs  per  acre. 

NET  RETURN 

The  net  profit  per  acre  from  Vineyard  E  was  $39.30  for  the  av^iige 
of  the  five  years,  which  was  $34.58  less  than  that  for  Vineyaid  S, 
and  $47.46  less  than  for  Vineyard  R.  The  net  profit  per  acre  in 
the  latter  case  has  been  somewhat  increased  over  the  others  due  to 
a  slightly  higher  selling  price  in  some  seasons. 
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Grower  E  netted  $18.56  on  each  ton  of  grapes  produced  for  the 
five  years,  or  $9.29  per  ton  less  than  Grower  S  and  $13.98  per  ton 
less  than  Grower  R. 

The  average  cost  per  acre  for  growing  and  harvesting  the  crop 
from  the  three  vineyards  for  the  five  years  was  $74.13,  while  the 
average  cost  per  ton  was  $40.58.  The  average  profit  per  acre  from 
the  three  vineyards  was  $66.64  and  the  average  profit  per  ton  $26.31. 

CONCLUSIONS 

It  is  apparent  from  a  study  of  the  foregoing  figures  that  Vineyards 
R  and  S  have  been  more  profitable  than  Vineyard  E  altho  the  latter 
has  been  operated  at  a  smaller  cost  per  acre  than  the  others.  The 
increased  cost  of  production  of  Vineyards  R  and  S  have  been  over- 
come by  higher  yields.  It  is  suggestive  that  perhaps  the  higher 
production  is  in  part,  at  least,  due  to  the  manner  of  operating,  not 
the  least  of  which  are  the  fertility  and  tillage  phases.  However, 
the  fact  should  not  be  lost  sight  of  that  Vineyards  R  and  S  are  rela- 
tively small  acreages  as  compared  with  Vineyard  E  and  hence  the 
attention  given  them  has  been  more  exacting  than  is  possible  with 
more  extensive  plantings.  Grower  E  had  other  farm  activities, 
while  Growers  R  and  S  were  concerned  exclusively  with  the  produc- 
tion of  grapes.  In  general  the  soil  is  more  uniform  over  small  areas 
than  over  large  areas  and  undoubtedly  soil  irregularities  render  many 
vineyards  unprofitable.  Altho  it  is  possible  to  increase  the  general 
productiveness  of  such  vineyards,  yet  many  spots  must  remain  a 
liability  from  the  very  nature  of  the  formation.  The  writer  has 
noted  as  high  as  25  per  cent  of  the  vines  as  missing  or  weak  in  some 
plantings  as  a  consequence  of  unfavorable  soil  conditions. 

While  many  vineyards  are  operated  at  costs  equalling  those  of 
Vineyards  R  and  S  and  return  as  large  or  even  larger  profits,  most 
of  the  acreage  in  this  region  is  maintained  at  less  expense  and  returns 
a  profit  corresponding  more  nearly  to  that  secured  from  Vineyard 
E.  It  is  probable  that  the  exact  tonnage  for  the  grape  belt  for  the 
past  five  years  falls  below  the  average  of  1.81  tons  per  acre  for  Vine- 
yard E.  As  previously  stated.  Vineyards  E  and  R  are  markedly 
superior  to  other  vineyards  in  their  locality  and  for  their  soil  type. 

The  question  naturally  arises  as  to  whether  the  vineyards  of 
this  region  can  be  made  as  profitable  as  Vineyards  R  and  S.  When 
it  18  recalled  that  Vineyard  R  was  typical  of  those  of  the  neighborhood 
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a  few  years  since,  it  would  seem  that  this  shoxild  be  possible;  but 
in  view  of  the  fact  that  many  vineyards  are  situated  on  soils  unsuited 
to  grape  growing,  while  many  others  include  areas  that  can  never 
be  made  profitable,  the  problem  becomes  more  complicated. 

While  Vineyards  E,  R,  and  S  have  been  improving  or  at  least 
holding  their  own,  the  great  majority  of  vineyards  in  this  r^on  have 
been  slowly  but  surely  declining,  and  it  is  only  a  question  of  a  few 
years  before  they  will  of  necessity  be  torn  out.  Vineyards  on  the 
better  soil  types  and  with  a  fair  amount  of  root  area  no  doubt  can 
be  made  to  produce  larger  and  more  uniform  crops  than  they  are 
producing  at  the  present  time. 

The  data  herein  presented  suggest  that  under  intensive  manage- 
ment grape  growing  in  the  Chautauqua  and  Lake  Erie  fruit  belt 
can  be  made  profitable  even  with  the  high  cost  of  labor  and  supplies 
if  the  selling  price  is  maintained  at  or  near  the  level  of  the  past 
two  seasons. 
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Tabub  1. —  Total  Cost  of  Pboduction  in  Vinstasd  E,  1915-1919. 


Ixmn 

1915 

1916 

1917 

1918 

1919 

CYUAB 
▲VIBAOS 

Intowt  on  invwtmmt- 

$360.00 
15.00 
39.86 

13.90 

$360.00 
19.50 
94.23 

26.68 
16.06 
19.50 

$360.00 

19.50 

123.00 

68.43 

33.00 

24.00 

3.65 

$360.00 

19.50 

213.40 

20.18 
114.00 

$860.00 

27.50 

161.00 

10.25 
31.20 
15.50 

$860.00 

XaiceB  and  insaranco 

20.20 

Fertiliser,  numure.  lime 

126.30 

Posts,  wire,  wire-ties,  tools,  stajkles. 
twine,  etc ,....,..  t .  t .  -  - 

27.88 

38.85 

RnHor  iriAtiirmlff r  .  r  , 

25.68 
2.10 

16.04 

VtiMW  for  renlscement , 

1.15 

Total  maintenance  expense. . . 

$456.54 

$535.96 

$631.58 

$727.08 

$605.45 

$591.32 

Pmninc. ................  t  -  -  t  -  - 

$51.52 

29.82 

20.84 
26.40 

$70.50 

31.70 

29.00 
33.40 

8.58 
35.13 
28.53 
14.30 
29.75 
17.50 
11. 2o 

7.88 

19.50 

$65.20 

25.10 

49.60 
31.60 

"**i9*.66 

$81.00 

22.50 

14.40 
32.00 
16.20 
40.80 
42.75 
43.20 
105.00 

$75.60 

83.01 

34.80 
41.00 

58.20 

$68.76 

Brush  disposal,  pullinc*  poling  and 
buminK 

28.43 

Trellis  repair,  driving  posts,  fixing 

braces  and  stretching  wire 

Tying 

29.73 
32.88 

Pfowuff.  sinffl^horse 

4.96 

Plowing,  team  and  tractor 

Horse  hoeins r .  -  -  r ^  r  -  - 

50.20 
10.68 
11.00 
30.40 
10.20 
10.00 

39.77 
16.39 

TT&nH  hoeinc t  r ,  -  -  - 1 

1.40 
60.00 
17.00 
16.76 
23.70 

3.40 

"ioi'.so 

45.50 
7.00 
7.00 

13.90 

13.98 

Hikrmmnff  ii.tid  discinc 

65.33 

Mnr&vintf  ikbor 

18.04 

Annlvinff  ffYrtilunr r . 

18.30 
17.40 

12.66 

Green  manure  seeding 

11.19 

Miscellanoous,  suckering,  mowing 
weeds,  etc 

23.68 

12.00 

Total  labor  expenae 

$274.74 

$337.02 

$313.25 

$433.55 

$412.51 

$354.21 

Total  upkeep  expenae 

$731.28 

$872.98 

$944.83 

$1,100.63 

$1,017.96 

$945.58 

Harvesting,    picking,    horse    and 
team  work 

$260.00 

$342.38 

$172.90 

$198.40 

$341.98 

$263.15 

Total  cost  production 

$991.28 

$1,215.36 

$1,117.73 

$1,350.03 

$1,350.94 

$1,208.68 

866.5 
176.0 
500.1 

1,055.0 

167.0 

475.5 

30.5 

836.0 
158.0 
336.0 

7e.o 

909.5 

100.0 

666.0 

32.0 

739.5 

164.0 

431.0 

54.5 

881.3 

Hofse  hows  till  harvest 

165.0 
481.7 

Tractor  hour* 

38.6 

436  Report  of  the  Department  of  Horticxtlture  of  the 


Tablb  2. —  Cost  of  Pbodugtion  Feb  Acbb  in  Vinbtabd  E,  1915-1919. 


Itbmb 

1015 

1010 

1017 

1018 

1010 

5TBA1 

▲TBUlBI 

Interest  on  investment 

$18.00 

.76 

1.00 

.60 

$18.00 

.07 

4.71 

1.33 
.80 
.08 

$18.00 

.07 

6.15 

3.42 

1.65 

1.20 

.18 

$18.00 

.07 

10.67 

1.01 
5.70 

$18.00 
1 .38 
8.05 

.51 

1.56 

.78 

$18.00 

Taxes  and  insuranee 

1.01 

Fertiliser,  manure,  lime 

6.tl 

Posts,  wire,  wire-ties,  tools,  staples, 
twine,  eto 

1.89 

Qreen  manure  seed 

1.94 

Spray  materials 

1.28 
.10 

.86 

Vines  for  replacement 

.06 

Total  maintenance  expense. . . 

$22.81 

$26.70 

$31.57 

$36.35 

$80.28 

$28.56 

Prunins 

$2.58 

1.40 

1.04 
1.32 

$3.53 

1.50 

1.45 

1.67 

.43 

1.76 

1.43 

.72 

1.40 

.8R 

.56 

.30 

.08 

$3.26 

1.26 

2.48 
1.58 

$4.05 
1.13 

.72 
1.60 

.81 
2.04 
2.14 
2.16 
5.25 

18.78 

1.65 

1.74 
2.05 

..... 

18.44 

bxirninc 

'     1.42 

Trellis  repair,  driving  posts,  fiadng 

braces  and  stretching  wire 

Tying 

1.49 
1.64 

Plowing,  single  horse 

.26 

Plowing,  team  and  tractor 

Horse  noeing 

2.51 
.53 
.55 

1.52 
.51 
.50 

.08 

2.66 

1.99 
.83 

Hand  hoeing. ... 

.07 

3.00 

.85 

.84 

1.10 

17 

.70 

Harrowing  and  discing 

5.08 

2.28 

.35 

•86 

.70 

8.27 

Spraying,1abor 7 

.90 

Applying  fertiliser. 

.02 
.87 

.63 

Green  manure  seeding 

.66 

Miscellaneous,  suckering,  mowing 
weeds,  etc 

1.18 

.61 

$13.73 

$16.88 

$15.68 

$21.60 

$20.64 

$17.72 

Total  upkeep  expense 

$36.54 

$43.67 

$47.25 

$58.04 

$80.02 

147.28 

Harvesting,    picking,    horse    and 
team  work. 

$13.00 

$17.12 

$8.65 

$0.02 

$17.00 

$13.16 

Total  cost  production 

$40.54 

$60.70 

$55.00 

$67.06 

$68.01 

100.44 

Woman  hours  till  harvest 

Man  hours  till  harvest . 

8.8 
43.3 
25.0 

8.35 

52.75 

23.75 

1.52 

2.5 

7.0 

41.8 

16.8 

3.8 

1.26 

8.0 
45.43 
33.3 

1.6 
.6 

8.5 
36.08 
21.56 

2.72 

1.66 

8.31 
44.06 

Horse  hours 

24.06 

Tractor  hours 

1.93 

Yield,  tons  per  acre. 

3.04 

1.81 

Selling  price  per  ton 

$20.50 
40.14 

$40.66 
63.36 

$42.00 
—2.08 

$112.00 
—0.76 

$00.25 
06.75 

$86.48 

Net  DTofit  Der  sore 

30.30 
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Table  3. —  Cost  or  Production  Pkb  Ton  in  Vinetabd  E,  191&'1919. 


Itsms 

1916 

1916 

1917 

1918 

1919 

6Y16AB 

▲VBBACK 

lategost  on  inTOBtinent 

$6,921 
.246 
.644 

.220 

$7,200 

.388 

1.884 

.632 
.320 
.392 

$14,286 

.769 
4.881 

2.714 

1.309 

.052 

.142 

$30.00 

1.61 

17.78 

1.68 
9.60 

$10,848 

.831 

4.848 

.807 
.939 
.469 

$18,640 

Tftzfls  azid  insurance 

.769 

FortiliMr.  manure,  lime 

6.010 

Posts,  wire,  wire  ties,  tools,  staples, 
twine,  ete 

1.000 

2.413 

.421 
.082 

.446 

Vines  for  replacement 

.036 

Total  maintenance  expense. . . 

$7,484 

$10,716 

$26,062 

$60.67 

$18,237 

$24,412 

Pruning 

$0,848 

.490 

.342 
.434 

$1,412 

.636 

.680 
.668 
.172 
.704 
.672 
.288 
.606 
.362 
.224 
.166 

.892 

$2,680 

l.QOQ 

1.968 
1.264 

$6,760 

1.880 

1.200 
2.666 
1.360 
8.400 
3.660 
3.600 
8.760 

'***i;633 
1.460 

$2,280 

.994 

1.000 
1.234 

'*  "1*602 

$2,774 

Brash  disposal,  pulling,  poling  and 

1.000 

lydlis  repair,  driving  posts,  fixing 

braces  and  stretching  wire 

t™^ T 

1.018 
1.261 

Pfowuiff.  sinsJe  horse 

.304 

Plowing,  team  and  tractor 

Horse  hoeing r . 

.792 
.174 
.180 
.600 
.167 
.164 

.777 

1.456 
.861 

Hand  hoeing  ,  ^   . . . .  w    ...  u ... . 

.066 
2.380 
.674 
.666 
.944 

.134 

""s'.eoo 

1.373 
.218 
.210 

.422 

.826 

Hurrowing  and  discing 

3.165 

8praying,1abor 7 

.613 

Apn^nc  fertiliser. ........  r .  t  .  -  - 

.561 

GitMm  manure  seeding 

.662 

Misoellaneous,  suckwing,  mowing 

.388 

.267 

........ 

$4,470 

$6,762 

$12,482 

$86,189 

$12,983 

$14,647 

Total  upkeep  expunse 

$11,963 

$17,468 

$37,484 

$96,709 

$31,170 

$38,969 

Harvesting,    picking,    horse    and 
team  work 

$4,276 

$6,848 

$6,866 

$16,633 

$10,296 

$8,963 

Total  cost  production 

$16,238 

$24,316 

$44,349 

$113,242 

$41,466 

$47,922 

Yidd*  tons  per  acre 

3.04 

$29.60 
13.262 

2.6 

$49.66 
26.344 

1.26 
$42.00 
--2.a49 

.6 
$112.00 
—1.242 

1.66 
$99.26 
67.785 

1.81 

Seding  prioe^per  ton 

$66.48 

18.560 
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Tabub  4. —  Total  Cobt  of  Pboduction  in  Vinxtabd  S,  1915  io  1919. 


Itxkb 


InterMt  on  investment 

TaxoB  And  insurance 

Fertiliser 

Poets,  wire,  wire-tics,  tools,  staplee, 

twine,  etc 

Qreen  manure  seed 

8|May  materials 


Total  maintenance  expense . 


puilinit,  poJinc  and 


Pruni 
Brush 

buminc 
TreUis  repair,  driving  poets,  fixing 

braces  and  stretching  wire 


Tving,  spring 
Plowing, 


,ng,  single  horse. . . 

Plowiiy ,  team 

Horse  hoeing 

Hand  hoeing 

Harrowing  and  discing. 

Clipping  tops 

Summer  ^mg 

Spraying,  labor. 
On 


ireen  manuring,  labor 

MiMsellaneouB,  suckering,  mowing 
weeds,  etc 


Total  labor  expense. 


Total  upkeep  racpense. 


Harvesting,   labor,   picking,   horse 
and  team  work 


1915 


$108.00 
18.00 
67.86 

18.00 

16.12 

9.30 


$236.28 


$17.88 
5.94 

12.78 
8.90 
4.56 
6.48 
8.04 
6.72 

35.52 

.96 

3.36 

6.54 

2.10 


$114.78 


$351.06 


$144.86 


Total  cost  production. 


Man  hours  till  hsrveet . .  ■ 
Woman  hours  till  harvest. 
Hone  hours  I'll  han'cet. . 


1916 


$106.00 
19.86 
88.56 

21.60 
3.46 
6.00 


$247.48 


$15.42 
12.06 

11.04 
6.84 

18.00 
6.42 
8.64 
6.06 

22.68 

1.2Q 

.60 

5.22 

1.26 

8.46 


$128.90 


1917 


$108.00 
20.70 
88.44 

22.80 

13.50 

6.00 


$259.44 


$20.46 

12.18 

9.96 
7.38 
3.12 
4.98 
7.44 
5.52 
24.18 
1.60 
.96 
5.88 
6.36 


$109.92 


$371.38 


$63.90 


$405.42 


368.2 

13.0 

247.7 


$435.28 


413.5 
39.1 

229.68 


$369.36 


$109.32 


1918 


$108.00 

22.92 

107.04 

12.00 
18.00 
16.02 


$283.98 


$36.00 

10.80 

11.72 

11.88 

16.68 

6.78 

13.98 

8.28 

26.22 

1.60 

4.26 

6.54 

3.84 


1919 


$106.00 

27.90 

114.96 

11.25 
24.42 


$286.53 


$158.48 


$442.46 


$50.46 


$478.68 


$62.47 

55.6 

193.91 


$492.92 


442.62 

61.0 

249.02 


$37.80 

11.25 

30.10 

12.67 

12.24 

7.80 

6.54 

10.16 

19.48 

1.79 

2.73 


S.30 


$145.85 


$432.38 


$161.88 


$594.26 


5YXAB 
AVXSAOB 


$10B.O0 
21.88 
98.37 

17.13 

14.90 

7.45 


851.68 

54.86 

165.84 


$262.74 


$25.51 
10.44 

13.13 
8.53 

10.92 
6.49 
8.93 
7.85 

25.62 
1.39 
2.38 
4.84 
8.37 

1.69 


$105.96 


$499.31 


387.69 

42.61 

217.23 
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Tablb  5. —  Cost  or  Pboduction  Peb  Aobs  in  Vinbtabd  S,  1915-1919. 


Itbms 


Interent  on  inwtment 

Taxes  and  insurance 

Fertiliser 

Poets,  wire,  wire^ee,  tools,  staples, 

twine,  ete 

Green  manure  seed 

Spray  mat«rials 


Total  maintenance  expense . 


,  puUing,  poling  and 


Brush 

buminf 
Trellis  repair,  driving  poats.  fixing 

braces  and  stretching  wire 

^nng,  spring , 

Plowing,  single  horse 

Flowizig,  team 

Hone  hoeing , 

Hand  hoeing 

Harrowing  and  discing 

Clipping  tops 

Summer  tying , 

Spraying,  labor 

Gireen  manuring,  labor 

MiaoellaneouB 


Total  labor  expense. 


Total  upkeep  expense . 


dng,    pieldng,    horse    and 
team  work 


Total  cost  production. 


Man  hours  till  harvest. . . 
Woman  hours  till  harvest . 
Horse  hours  till  harvest. . 


Yield,  tons  per  acre 
Helling  price  per  ton 


1915 


$18.00 

3.00 

11.31 

3.00 
2.52 
1.55 


139.88 


82.98 

.99 

2.18 

.65 

.76 

1.08 

1.34 

1.12 

5.92 

.16 

.56 

1.09 

.35 


$19.13 


$58.51 


$24.06 


$82.57 


61.. 35 
2.16 
41.3 


3.30 
$30.00 


Net  profit  per  acre I  19.13 


1916 


$18.00 

3.31 

14.76 

3.60 
.576 
1.00 


$41,245 


$2.57 
2.01 


1 

1 

3. 

1 

1 

1 


.88 
.14 
.00 
.07 
.44 
.01 

3.78 
.20 
.10 
.87 
.21 

1.41 


$20.09 


$61.94 


$10.65 


$72.59 


68.9 
6.51 
38.28 


2.03 

$49.66 

28.22 


1917 


$18.00 

3.45 

14.74 

3.80 
2.25 
1.00 


$43.24 


$3.41 
2.08 

1.66 

1.23 
.52 
.83 

1.24 
.92 

4.03 
.25 
.16 
.08 

1.06 


$18.32 


$61.56 


$18.22 


$79.78 


60.41 

9.3 

32.32 


3.36 

$42.00 

61.34 


1918 


$18.00 

3.82 

17.84 

2.00 
3.00 
2.67 


$47.33 


$6.00 

1.80 

1.95 

1.98 

2.78 

1.13 

2.33 

1.38 

4.37 

.25 

.71 

1.00 

.64 


$26.41 


$73.74 


$8.41 


$82.15 


73.77 
8.5 
41.5 


1.03 

1112.00 

33.21 


1919 


$18.00 

4.65 

19.16 

1.875 
4.07 


$47.76 


$6.30 

1.88 

3.35 
2.12 
2.04 
1.30 
1.09 
1.60 
3.25 
.298 
.453 


.55 


$24,321 


$72.08 


5  Ybab 

AVXRAOS 


$26.98 


$99.06 


58.61 

9.06 

27.64 


3.29 
$99.25 
327.48 


$18.00 

3.65 

15.56 

2.86 
2.48 
1.24 


$43.79 


$4,252 

1.742 

2.104 

1.424 

1.820 

1.062 

1.488 

1.224 

4.270 

.231 

.396 

.800 

.562 

.282 


$21,774 


$65.56 


$17.66 


$83.22 


64.61 

7.11 

36.21 


2.63 

$66.58 

78.88 
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Table  6. —  Cost  of  Pboduction  Pbb  Ton  in  Vinbtasd  S,  1915-1919. 


Itbmb 

1915 

1916 

1917 

1918 

1919 

5YBAB 
▲VBUffi 

Interest  on  investment 

$5,310 

.885 

3.330 

.885 
.743 
.448 

$8,870 
1.630 
7.270 

1.773 
.283 
.492 

$5,350 
1.030 
4.390 

1.130 
.670 
.297 

$17.47 

3.71 

17.82 

1.94 
2.91 
2.59 

$5.47 

1.41 
5.82 

.57 
1.24 

$8,404 

Tales  and  insurance -, . . , 

1.733 

Fertiliser 

7.0M 

Posts,  wire,  wire-tics,  tools,  staples, 
twine,  etc 

1.250 

Green  manure  seed 

1.100 

Spray  materials 

.7«5 

Total  maintenance  expense .  .  . 

$11.60 

$20.32 

$12.87 

$45.94 

$14.51 

$21.06 

Pnininff 

$0,870 

.202 

.625 
.101 
.224 
.318 
.305 
.330 
1.740 
.047 
.165 
.321 
.103 

$1,260 

.990 

.926 
.561 

1.480 
.527 
.709 
.407 

1.860 
.000 
.040 
.428 
.103 
.694 

$1,020 

.604 

.494 
.366 
.155 
.247 
.869 
.273 
1.200 
.074 
.048 
.291 
.315 

$5.82 

1.75 

1.89 

1.92 

2.70 

1.00 

2.26 

1.34 

4.24 

.24 

.69 

1.06 

.62 

$1,945 

.570 

1.018 
.644 
.620 
.395 
.330 
.513 
.987 
.090 
.137 

$2,185 

Brush  disposal,  pulling,  poling  and 
burning. 

.811 

Trellis  repair,  driving  posts,  fixing 

braces  and  stretching  wire 

Tvinff .  SDrine 

.001 
.736 

Plowins.  single  horse 

LOW 

Plowinir,  team 

.515 

Horse  hoeing 

.813 

Hand  hoeing. 

.501 

Harrowing  and  discing 

2.005 

CliDDins  tons 7 

.112 

fi^imm«r  tying 

.217 

Spraying,  labor 

.420 

Green  manuring,  labor 

.167 

.381 

Miscellaneous 

.130 

Total  labor  expense 

$5.63 

$10.18 

$5.46 

$25.62 

$7.42 

$10.86 

Total  upkeep  expense 

$17.23 

$30.50 

$18.33 

$71.56 

$21.93 

$31.01 

Harvesting,    picking,    horse    and 
team  work 

$7.00 

$5.25 

$5.42 

$8.16 

$8.20 

$6.82 

Total  cost  production 

$24.32 

$35.75 

$23.75 

$79.72 

$30.13 

$38.73 

Man  hours  till  harvest 

18.10 

.63 

12.20 

34.00 

3.21 

18.80 

17.90 
2.77 
9.00 

71.60 

8.25 

40.30 

17.60 
2.75 
8.40 

81.84 

Woman  hours  till  harvest 

"ELone  hours  till  harveat 

3.52 
17.88 

Yidd,  tons  per  acre 

8.30 

$30.00 

5.68 

2.03 

$49.66 

13.91 

3.86 

$42.00 

18.25 

1.03 

$112.00 

82.28 

8.29 

$99.26 

69.12 

2.62 

Selling  price  per  ton 

$66.58 

Net  profit  per  ton 

27.85 
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Tablb  7. —  Total  Cost  or  Pbodugtion  in  Vinbtabd  R,  1915-1919. 


Itbms 

1915 

1916 

1917 

1918 

1919 

5YBAB 
ATBIUOB 

latawt  on  SnTOBtaieat 

$144.00 
22.23 
68.00 

34.96 

$144.00 
30.41 
37.23 

1.17 
2.90 

$144.00 
36.88 
55.00 

13.15 

$144.00 
42.02 
24.70 

81.41 

10.45 

7.50 

6.75 

$144.00 
47.41 
68.00 

17.81 

15.00 

7.25 

14.00 

$144.00 

Taxes  and  insoranoe 

35.79 

50.58 

Poeta,  wire,  wire-ties,  twine,  staples, 
tools,  etc. 

19.70 

Grven  mnnure  seed 

5.67 

Sorav  materials 

17.28 
6.99 

6.41 

vine  replacmnsnta^ .  ^ 

4.75 

4.75 

7.45 

Total  maintenanoe expense. . . 

$293.46 

$220.46 

$253.78 

$266.83 

$313.47 

$260.60 

Proninff 

$17.04 

18.32 

29.70 

11.60 

5.28 

8.00 

5.25 

17.60 

30.50 

2,07 

5.75 

19.36 

$28.50 
14.50 

12.20 

18.80 
6.25 
7.50 

11.20 
4.80 

52.00 
2.75 
8.55 

$28.00 

24.85 

19.00 
10.80 

$31.50 

34.20 

14.00 
21.60 
10.80 
12.00 
13.60 

7.80 
80.80 

3.30 

6.00 
11.00 

1.50 

6.00 

$35.00 

26.00 

46.00 
29.63 
10.80 
12.00 
24.00 
43.20 
44.00 
4.00 

$28.01 

Brush  dispo6Al«  pulling,  polins  and 
l>qrni]if 

23.57 

TteOis  repair,  driving  posts,  fixing 

braces  and  stretching  wire 

Tying,  iq;>ring. .................. 

24.30 
17.48 

Plowuig,  sin^e  hone 

6.42 

Plowinff .  team 

6.50 

9.45 

13.00 

34.00 

3.00 

9.20 

Horse  noeing 

12  71 

Hf^i^l  lioeing 

17.28 

Harrowing 

Clipping  tops 

48.27 
3.02 

^mmnr  tying 

4.00 

8.00 
2.00 

7.67 

'f/r'^V^'m*   ~  ■ '  "7™  •  •■•.•••.. 

2.00 
6.00 

1.10 

Miweellaneous,  suckering,  mowing 

30.00 

11.50 

10.70 



Total  labor  expense 

$200.47 

$169.05 

$160.10 

$254.70 

$284.63 

$213.70 

Total  upkeep  expense 

$498.93 

$389.51 

$413.88 

$521.53 

$508.10 

$483.39 

Harvesting,  labor,  teaming,  oon- 
tainm.  and  cartage 

$110.95 

$96.77 

$170.90 

$118.80 

$235.78 

$146.64 

^^ 

Total  eost  production 

$604.88 

$486.28 

$584.78 

$640.33 

$833.88 

$630.08 
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Table  8. —  Cost  of  Production  Pbb  Acbb  in  Vinstard  R,  1915-1919. 


Itbus 


Interest  on  investment 

Taxes  and  insurance 

Fertilizer,  manure,  lime 

Poets,  wire,  wire-ties,  twine,  staples. 

tools,  etc 

Green  manure  seed 

Spray  materials 

Vine  replacements 


Total  maintenance  expense . 


Pruning 

Brush  disposal,  pulling,  poling  and 

burmng 

Trellis  repair,  driving  posts,  fixing 

braces  and  stretching  wire 

Tying,  spring 

Plowing,  single  horse 

Plowing,  team 

Horse  hoeing 

Hand  hoeing 

Harrowing 

Clipping  tops 

Summer  tymg 

Spraying,  labor 

Green  manuring,  labor 

Miscellaneous,  suckering,   mowing 

weeds,  tuclang  up 


Total  labor  expense. 


1915 


$18.00 
2.78 
S.fiO 

4.37 


2.16 
.87 


$36.68 


$2.13 

2.20 

3.71 
1.45 

.66 
1.00 

.66 
2.20 
3.81 

.261 

.72 
2.42 


3.76 


$25.06 


1916 


$18.00 
3.80 
4.65 

.14 
.36 


.50 


1917 


$18.00 
4.61 
6.87 

1.64 


.59 


$27.54 


$8.56 

1.81 

1.52 
1.72 

.66 

.94 
1.40 

.60 
6.50 

.34 
1.071 


.25 
.76 


$21.12 


$31.71 


9SM 

3.11 

2.37 
1.35 


1918 


$18.00 
5.26 
8.08 

3.92 

1.31 

.94 

.84 


$33.34 


.81 
t.]8 
1.62 
4.25 

.37 


1.44 


$20.00 


$3.94 

4.28 

1.82 
2.70 
1.35 
1.50 
1.70 

.97 
10.10 

.41 

.75 
1.37 

.19 

.75 


1919 


$18.00 
5.92 
8.60 

2.23 

1.87 

.91 

1.75 


$39.18 


$31.88 


$4.87 

3.26 

5.75 
8.70 
1.35 
1.50 
3.00 
6.40 
6.50 
.50 


1.00 
.25 


$85.67 


5  Yeab 

AVKBAGB 


$18.00 

4.47 
6.31 

2.46 
.71 
.80 
M 


$33.68 


$3.50 

2.95 

3.03 

2.18 

.80 

1.16 

l.» 

2.16 

6.03 

.38 

.51 

.96 

.14 

1.34 


$26.72 


Total  upkeep  expense. 


$61.74 


$48.66 


$51.71 


$65.17 


$74.76 


$60.41 


Harvesting,  labor,  teaming,  cartage, 
and  containers 


$18.87 


$12.10 


$21 .36 


$14.85 


$29.47 


$18.33 


Total  ooet  production. 


$76.61 


$60.76 


$78.07 


$80.02 


$104.22 


Yield,  tons  per  acre. 
Selling  price  per  ton . 
Net  profit  per  acre .  . 


2.66 

$38.50 

26.80 


2.47 

$50.63 

64.29 


2.72 

$42.08 

41.38 


1.18 

$112.00 

62.14 


8.72 
$95.00 
249.18 


$78.74 


2.55 

$67.64 

86.76 
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Tablb  9.—  CoBT  OF  Pbodugtion  Feb  Ton  in  Vinktabd  R,  1915-1919. 


IiaiiB 


Interart  on  inywtment 

Taxes  and  insuranoe 

Fertilifler,  manure,  lime 

Posts,  wire,  wire-ties,  twine,  staples, 

tools,  etc 

Green  manure  seed 

Spray  materials 

Vine  replacemente 


Total  maintenance  expense. . . 


Pmnins 

Brush  diipoaid,  puUinc,  poling  and 


burning 

Trellis  repair,  driviniK  posts,  fixing 
braces  and  stretching  wire 


avin^ ,  spring . 
Plowmg,  sii 


>wing,  single  hOTse 

Plowing,  team 

Horse  Eoeing. 

Hand  hoeing 

Harrowing 

Clipping  tops 

Bummer  tying 

Spraying,  labor 

Green  manuring,  labor 

Miscellaneous,  suckering,  mowing 

weeds,  tucking  up 


Total  labor  expense. 


Total  upkeep  expense. 


Hianrestins,  labor,  teaming,  cart- 
asCt  ana  containers 


Total  cost  production. 


Yield,  tons  per  acre. 
8«lHng  price  per  ton . 
Net  profit  per  ton . . . 


1915 


t6.77 
1.05 
8.20 

1.64 


.81 
.33 


$18.80 


80.800 
.860 

1.390 
.550 
.248 
.370 
.248 
.827 

1.430 
.105 
.270 
.910 


1.870 


89.38 


823.18 


85.21 


828.39 


2.66 
838.50 
10.11 


1916 


87.290 
1.540 
1.880 

.056 
.145 


.240 


811.15 


81.440 

.730 

.610 
.696 
.220 
.380 
.566 
.240 
2.630 
.137 
.430 


.100 
.300 


88.48 


819.63 


84.90 


824.53 


2.47 

850.68 

26.10 


1917 


86.62 
1.60 
2.52 

.60 


.22 


811.65 


11.280 

1.140 

.870 
.496 


•   •«••■• 


.300 
.433 
.695 
1.560 
.136 


.520 


87.33 


818.98 


87.85 


826.83 


2.72 

842.06 

15.25 


1918 


815.25 
4.45 
2.61 

8.32 

1.11 

.80 

.71 


828.25 


83.840 

3.620 

1.540 
2.280 
1.140 
1.270 
1.440 

.820 
8.560 

.346 

.635 
1.160 

.160 

.630 


826.94 


85.5.19 


812.58 


867.77 


1.18 

8112.00 

44.23 


1919 


84.840 
1.590 
2.280 

.600 
.500 
.244 
.470 


810.52 


81.170 

.870 

1.540 
.990 
.360 
.400 
.806 
1.450 
1.470 
.134 


.268 

.070 


80.53 


820.05 


87.92 


827.97 


3.72 

895.00 

67.03 


5YEAX 
AYKBAGX 


88.16 

2.06 
2.50 

1.24 
.35 
.37 
.39 


815.07 


81.606 

1.444 

1.190 
1.002 
.393 
.544 
.698 
.786 
3.130 
.171 
.267 
.487 
.066 

.564 


812.33 


827.40 


87.60 


835.09 


2.55 

867.64 

32.54 


ASEXUAL  INHERITANCE  IN  THE  VIOLET 

( Viola  odorata)  * 

ROY  D.  ANTHONY 

SUMMARY 

In  tiie  improvement  of  fruit  varieties  tiie  question  of  fixity  of  type 
in  asexual  propagation  is  of  very  considerable  importance.  The  use 
of  any  of  the  tree  fruits  in  a  study  of  this  problem  would  obviously 
extend  the  experiment  far  past  the  activity  of  a  sin^e  investigator. 
In  order  to  hasten  work  on  this  question  the  double  violet,  Marie 
Louise,  which  is  propagated  asexually,  was  used  in  a  study  of  the 
effect  of  selection  upon  the  length  of  blossom  steuL  Observations 
were  also  made  of  the  inheritance  of  high  and  low  yield. 

Four  selection  groups  were  made :  long-stem  plimts  of  high  yield, 
long-stem  plants  of  low  yield,  short-stem  plants  of  hi^  yield,  and 
short-stem  plants  of  low  yield. 

The  first  year  it  was  not  realized  how  important  a  r61e  plant  vigor 
would  play  and  so  no  record  of  this  factor  was  made.  Since  then 
the  plants  have  been  graded  for  vigor  twice  eadi  season. 

One  of  the  greatest  difficulties  encountered  has  been  to  find 
the  best  methods  of  showing  the  year's  work  and  of  making  the 
selections  for  the  following  year.  The  method  of  selecting  tiie 
plants  for  propagation  was  clumged  after  two  years. 

Two  sete  of  charts  were  used,  one  where  the  yield  and  stem- 
length  of  individual  plants  or  of  clonal  groups  are  correlated  with 
vigor  and  a  second  series  showing  the  influence  <rf  location  in  the 
house  upon  yield,  stem-length,  and  vigor.  The  length  of  all  blossom 
stems  is  reported  in  one-half  inch  units  and  fliis  unit  is  employed 
in  the  charts. 

Correlation  tables  are  given  for  tiie  ttiree  factors  for  Oxe  entire 
house  for  each  year  of  the  experiment  and  for  each  of  flie  four 
selection  groups  for  the  last  year. 

For  purposes  of  comparison.  Hie  four  selection  grotq>s  were  reduced 
to  the  same  vigor  by  means  of  the  regre»rion  coefficient 

Environmental  factors  caused  considerable  variation  wifliin  tbe 
same  greenhouse,  especially  the  first  year  of  the  experiment 

The  second  year,  the  vigor  and  yield  were  approximately  the 
same  for  the  long-hij^  and  short-high  groups  but  there  was  a  lower 
stem-length  average  m  the  short-stem  than  in  the  long-stem  selection. 

*  Reprint  of  Technical  Bulletin  No.  76,  March,  1920.  Also  pfeeented  to  the  faculty 
of  the  Graduate  School  of  G<Mmell  University  aa  a  theaid  in  partial  f ulfillme&t  of  the 
requirements  for  the  degree  of  doctor  of  philoeophy. 

[444] 
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This  second  year  four  plants  were  grown  from  every  plant  selected 
as  a  parent  the  first  year.  The  record  of  these  four  plants  showed 
tiiat  many  of  the  first  selections,  based  on  tibe  performance  of  one 
plant  and  without  a  knowledge  of  its  \igor»  were  not  correct. 

The  third  year  the  two  high-yielding  selections  gave  a  slightly 
higher  yield  than  the  low  selections  but  the  difference  was  less 
than  twice  the  probable  error.  At  the  same  time  in  the  two  high- 
yielding  selections  the  difference  in  stem-length  in  favor  of  the  long- 
stem  group  was  about  five  times  the  probable  error  and  in  the  low- 
yielding  selections  about  nine  times. 

The  fourth  year  thero  were  supposed  to  be  sixty-four  plants  from 
a  common  parent  in  19x4.  In  tiie  long-stem  selections,  the  high- 
yieldmg  group  averaged  3.Z08  db  0441  blossoms  moro  than  the 
low-yielding  plants.  In  the  short-stem  selection  the  high-yielding 
plants  averaged  5.787  db  0478  moro  than  the  low-yielding  plants. 
In  both  the  high-yielding  and  low-yielding  selections  the  long-stem 
plants  averaged,  respectively,  0.361  d=  0.036  units  and  0495  =b  0.041 
units  longer  than  the  short-stem  plants. 

The  fifth  year  of  the  experiment,  in  the  long-stem  selections  the 
hig^-yielding  plants  averaged  z.847  =b  0.754  blossoms  more  than 
the  low-yielding  plants,  bi  the  short-stem  selections  the  high- 
yielding  plants  showed  a  gain  of  4.970  rb  0.767  blossoms.  The 
long-stem  groups  in  both  the  high  and  low  yielding  selections 
gained  0.368  db  .046  and  0.346  db  .048  units,  respectively. 

The  process  of  selection  has  really  been  one  of  isolation  wheroby 
certain  clonal  lines  have  been  selected  out  of  the  miscellaneous 
population  purchased  in  19x4.  We  seemingly  have  proved  only  the 
existence  of  asexually  inherited  differences  which  probably  wero 
present  beforo  the  experiment  was  begun.  No  attempt  has  been 
made  to  find  when  or  how  such  differences  arose. 

Tho  the  existence  of  such  differonces  in  the  violet  makes 
it  seem  moro  probable  tiiat  thero  may  be  differonces  within  a  single 
variety  of  any  fruit,  the  labor  and  the  technical  difficulties  involved 
render  it  inadvisable  for  a  nurseryman  to  attempt  to  find  beneficial 
vaxiatiions  among  fruits  by  bud  selection. 

INTRODUCTION 

THE   PROBLEM 

All  commercial  fruits  of  America  are  propagated  by  asexual  means. 
This  fact  creates  a  fundamental  difference  in  the  problem  of  the  im- 
provement of  our  present  fruit  varieties  as  compared  with  the  improve- 
ment of  most  vegetables  and  field  crops  where  reproduction  is  by 
sexual  means. 

The  development  of  the  idea  of  pedigree  and  all  it  involves  has 
had  such  a  profound  influence  upon  the  live-stock  industr>'  tbr^t  if 
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IS  only  natural  for  the  fruit-grower  to  be  influenced  in  his  thought  d 
his  trees  by  this  same  idea.  The  growth  of  this  trend  of  thought 
has  been  hastened  by  the  exploitation  of  the  term  ''pedigree''  by  a 
number  of  nurserymen  who  have  sought  by  its  use  to  convince  the 
buyer  that  their  trees  were  better  than  ordinary  trees,  tho  the 
exact  grounds  upon  which  this  statement  was  based  seem  frequently 
to  be  uncertain  even  in  the  minds  of  the  nurserymen  themselves. 

Since  1896,  the  Geneva  Station  has  been  working  on  a  problem 
in  orchard  fertilization  where  the  question  of  the  fixity  of  type  in 
asexual  propagation  is  of  considerable  importance.  That  year  an 
orchard  of  Ben  Davis  trees  was  planted  for  a  fertiliser  experiment. 
The  trees  were  then  top-worked  to  Rome,  the  buds  all  coming  from 
a  single  tree.  In  1912  a  problem  in  selection  within  a  clonal  line 
was  started  when  buds  were  taken  from  the  highest  and  from  the 
lowest  yielding  trees  in  each  fertilizer  block  and  budded  on  own- 
rooted  Spy  stocks.  These  were  planted  on  a  uniform  soil  and  are 
now  nearly  ready  to  begin  fruiting. 

At  about  the  time  this  second  test  was  started,  an  attempt  was 
made  to  study  the  fixity  of  type  in  the  Baldwin  by  planting  an  orchard 
of  trees  secured  from  every  part  of  the  country  and  showing  as  wide 
a  diversity  as  possible  in  their  "pedigree."  It  is  too  ear^  yet  to 
know  what  the  value  of  this  last  experiment  wiU  be,  but  owing  to 
the  conditions  surrounding  the  orchard  it  is  doubtful  if  it  can  be 
relied  upon  to  show  conclusive  results. 

It  is  obvious  that  work  of  this  sort  with  species  as  slow  in  coming 
to  matmity  as  are  the  tree  fruits,  must,  of  necessity,  run  far  past 
the  span  of  the  working  life  of  a  single  investigator.  Even  with  the 
bush  and  small  fruits  progress  would  still  be  slow  and  these  fruits 
are  very  susceptible  to  environmental  changes.  Therefore,  in  order 
to  hasten  the  work  on  this  problem,  it  was  decided,  in  the  spring  of 
1914,  to  grow  the  double  violet,  Marie  Louise,  in  the  greenhouse 
and  to  study  the  effect  of  selection  upon  the  length  of  stem  of  the 
blossoms.  That  fall  eight  himdred  plants  were  purchased  from  a 
commercial  grower  and  planted  in  the  greenhouse. 

The  first  question  to  be  answered  was  whether  from  a  mixed  popu- 
lation types,  or  strains,  could  be  isolated  which  would  hold  true  to 
their  selection  year  after  year.  The  occurrence  of  "sports"  in  many 
horticultural  crops  is  well  known,  altho  when  we  consider  the  pppor- 
timities  for  their  production  the  number  that  have  been  isolated  and 
proved  to  reproduce  themselves  is  almost  negUg^ble.  Some  recent 
investigations  would  seem  to  indicate  that  citrus  is  an  exception  and 
that  tins  genus  is  in  a  state  of  change,  producing  new  types  frequenth*. 

One  variety  of  apple  commonly  grown  in  New  York,  the  Twenty 
Ounce,  has  rather  recently  produced  three  sports,  while  a  fourth 
can  probably  be  credited  to  it.  It  is  doubtful,  however,  if  this 
number  of  sports  has  been  found  in  all  the  other  fruits  grown  in  this 
State.    Of  course  such  sports  represent  sufficiently  great  changes  to 
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be  seen  readily  and  to  stand  out  from  the  minor  fluctuations  due  to 
environment.  Whether  or  not  there  are  heritable  differences  too 
small  to  be  detected  in  the  commercial  plantations  is  a  question  of 
fundamental  importance  to  all  engaged  in  the  attempt  to  improve 
our  fruits. 

As  the  first  five  years'  work  with  the  violet  seems  to  throw  some 
light  on  this  subject  and  as  this  year  marks  the  beginning  of  the 
second  phase  of  the  problem,  namely,  whether  by  further  selection 
isolated  types  may  be  shifted  in  either  direction  or  even  split  into 
a  multipUcity  of  types,  it  has  seemed  best  to  publish  the  data  at 
this  time. 

literature 

So  many  excellent  discussions  of  the  general  subject  of  bud  varia- 
tion have  appeared  in  the  last  few  years  that  it  would  seem  unneces- 
sary to  present  a  very  extensive  bibUographic  review.  However, 
attention  should  be  called  to  certain  of  these  pubhcations. 

The  potato  was  the  first  asexually  propagated  plant  in  which 
improvement  was  generally  sought  by  means  of  selection.  A  review 
of  much  of  the  early  work  with  this  plant  is  presented  by  Stuart 
(1915).! 

The  results  of  one  of  the  most  successful  experiments  in  the  selec- 
tion of  somatic  variations  were  presented  by  Stout  (1915).  His 
work  with  Coleus  did  much  to  call  the  attention  of  investigators  to 
this  problem. 

Dorsey  (1916)  has  given  us  an  excellent  review  of  the  literature 
bearing  on  several  phases  of  the  question  of  bud  variation. 

Jennings'  work  (1916)  with  Difflugia  is  very  interesting  as  it  in- 
volves a  quite  different  type  of  reproduction.  The  chapter  devoted 
to  bud  selection  in  Babcock  and  Clausen's  book  (1918)  is  a  splendid 
critical  study  of  the  different  phases  of  this  problem. 

The  most  recent  contributions  from  the  horticultural  standpoint 
have  been  Sluunel's  articles  (1918)  dealing  with  citrus  fruit  improve- 
ment. 

DESCRIPTION  OF  MATERIAL  USED 

The  double  violet,  Marie  Louise,  for  fifty  years  has  been  one  of 
the  most  widely  grown  varieties  in  commercial  and  amateur  houses. 
It  is  entirely  stenle  and  is  propagated  by  the  separation  of  shoots 
from  the  orig^inal  plant.  So  far  as  we  have  been  able  to  find,  the 
variety  runs  very  uniform.  While  one  or  two  so-called  strains  have 
been  produced,  the  fact  that  they  have  never  made  their  way  into 
commercial  culture  would  seem  to  indicate  that  they  differed  httle  if 
at  all  from  the  true  variety.  Altho  the  previous  treatment  of  the 
800  plants  with  which  the  experiment  was  started  was  not  known,  it 
is  safe  to  assume  that  they  would  trace  back  to  a  very  few  parent 

^  Reference  to  Literature  Cited,  page  471. 
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plants  in  a  few  generations  as  nurserymen  are  constantly  propa- 
gating from  their  best  plants  and  each  healthy  plant  yields  eight  or 
ten  cuttings. 

These  plants  were  placed  in  the  south  house  of  a  range  of  three 
running  east  from  the  main  house.  The  south-east  comer  of  the 
house  is  exposed  to  some  of  our  coldest  winds  and  fluctuations  of 
several  degrees  in  temperature  have  been  noted  between  this  comer 
and  the  sheltered  north-west  comer.  The  main  house  at  the  west 
not  only  shelters  from  the  wind  but  also  has  a  tendency  to  decrease 
the  light  received  in  the  north-west  quarter  of  the  house.  This 
point  will  be  discussed  somewhat  in  detail  later.  Within  the  house 
are  two  tile-bottom  benches,  each  holding  400  plants  in  fifty  rows  of 
eight  plants  to  the  row.  These  two  benches  will  be  referred  to  as 
the  north  and  south  benches,  respectively. 

New  plants  are  propagated  each  year  either  by  allowing  roots  to 
form  on  the  shoots,  which  are  put  out  at  the  base  of  the  crown^  before 
the  cuttings  are  taken,  or  the  shoots  are  taken  off  just  as  the  roots 
start  to  form.  The  shoots  are  then  put  in  fiats  filled  with  sand. 
When  root-growth  is  well  started,  the  shoots  are  transferred  to  thumb 
pots  and  later,  to  larger  pots  and  placed  in  cold  frames  for  thesimimer. 
The  plants  are  set  in  the  benches  about  the  fiirst  of  September. 

The  first  few  blooms  that  form  usually  have  very  short  stems 
and  are  imperfect  and  these  are  discarded  without  measuring.  The 
first  regular  picking  is  made  about  the  middle  of  October.  With  a 
slight  jerk  the  stems  separate  readily  from  the  plant  and  the  entire 
length  from  the  base  of  the  blossom  is  measured  in  units  of  one- 
half  inch. 

As  it  was  necessary  to  tabulate  the  results  before  plants  could  be 
selected  for  propagation  for  the  following  year,  the  last  harvest 
record  was  usually  made  early  in  March,  at  a  time  when  the  plants 
were  giving  nearly  maximum  yields. 

METHODS 

House  records. —  Tho  the  experiment  was  to  deal  primarily  with 
blossom-stem  length,  it  was  decided  to  study  inheritanoe  of  high 
and  low  yield  also  as  yield  records  had  to  be  taken  in  getting  stem- 
lengths.  As  plants  were  selected  for  long  and  short  stem  and  high 
and  low  yield,  this  gave  four  selection  groups:  long-stem  plants 
of  high  yield,  long-stem  plants  of  low  yield,  short-etem  plants  of 
high  3rield,  and  short-stem  plants  of  low  yield.  In  order  to  shorten 
the  records  and  the  discussion,  these  groups  are  usually  referred  to  as 
follows:  long-high,  long-low,  short-high,  and  short-low,  respective]}*. 

The  records  are  taken  in  the  greenhouse  on  laiige  sheets  14  by  17 
inches,  cross-ruled  into  quarter-inch  squares.  The  plant  number  is 
placed  at  the  left  and  the  date  at  the  top.  Each  fiower-stem  is 
measured  and  the  length  to  the  nearest  one-half  inch  placed  in  the 
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next  square.  When  each  harvest  is  over,  a  vertical  line  is  drawn 
outside  of  the  last  record  of  the  highest  yielding  plant.  In  this  way 
the  first  records  of  the  following  harvest  for  all  plants  are  in  the  same 
vertical  line  of  squares,  making  it  easy  to  study  the  yield  fluctuation 
of  any  particular  plant  from  harvest  to  harvest,  and  showing  the 
relation  of  any  plant  to  the  maximum  yield  of  that  harvest. 

With  conditions  at  their  best,  the  bed  is  picked  over  every  week  or 
ten  days  but  in  very  cold  weather  it  may  be  three  weeks  or  more 
between  harvests.  When  the  large  record  sheets  are  filled  they  are 
totaled  for  each  plant.  In  an  average  season,  when  the  third  series 
of  sheets  is  filled,  the  records  are  discontinued  and  propagation  com- 
menced for  the  following  year.  For  the  first  year  the  various  factors 
were  studied  for  each  of  these  three  harvest  periods  but  since  then 
only  for  the  total  harvest. 

When  the  experiment  was  begun  it  was  not  reahzed  how  important 
a  rdle  plant  vigor  would  play  and  so  the  first  year  no  record  was 
made  of  this  factor  but  the  need  of  it  was  clearly  seen  when  it  became 
necessary  to  select  plants  for  propagation  for  the  following  year. 
There  seemed  to  be  no  feasible  way  of  weighing  the  plants  or  measur- 
ing their  leaf  surface  and  so  the  vigor  was  estimated  in  percentage, 
the  most  vigorous  plants  being  graded  as  100  and  a  few  plants,  with 
only  a  half  dozen  or  so  leaves  and  practically  no  blossoms,  ^*aded 
as  10.  Two  persons  cooperated  in  this  work,  each  checking  the 
other,  and  it  is  doubtful  if  a  third  person  would  have  shifted  any  of 
the  plants  more  than  ten  points  in  the  vigor  score.  The  vigor  was 
taken  twice,  once  when  the  plants  were  coming  into  full  bloom  early 
in  the  winter,  and  a  second  time  just  before  the  selection  of  the  plants 
for  propasation  for  the  next  year.  In  computing  final  records  the 
average  of  the  two  observations  was  used. 

In  a  very  general  way,  plants  recorded  as  having  a  certain  vigor 
were  somewhat  alike  from  year  to  year;  but,  because  of  the  varia- 
tions of  the  plants  in  different  seasons,  it  is  not  possible  to  compare 
the  vigor  records  of  two  different  years  with  each  other  except  in  so 
far  as  each  is  considered  as  a  statement  of  the  relative  values  of  the 
plants  for  that  particular  year. 

Statistical  methods, —  In  order  to  simplify  the  problem  of  studying 
the  plants  and  especially  of  making  selections  for  the  next  year's 
propagation,  the  number,  yield,  and  stem-length  of  each  plant  was 
placed  on  a  single  card  and  the  cards  grouped  according  to  the  line 
of  selection.  These  cards  could  then  l^  shuffled  for  any  factor,  and 
frequency  charts  and  correlation  tables  very  quickly  prepared.  This 
method  has  resulted  in  a  considerable  saving  in  time  and  has  been 
a  very  important  help  in  analyzing  the  data. 

One  of  the  greatest  difficulties  encountered  in  the  experiment  was 
to  find  the  best  method  of  showing  the  results  of  the  year's  work 
and  of  making  the  selections  for  the  following  year.  The  method 
of  selecting  the  plants  for  propagation  was  not  the  same  for  the  first 

15 
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two  years  as  is  now  used.  In  these  early  yeaxa  tLe  records  were 
thrown  into  frequency  tables  and  certain  maximum  or  mininmm 
yields  and  lengths  selected  until  the  number  of  plants  which  it  was 
planned  to  propagate  was  isolated.  This  is  well  illustrated  by  Chart 
VIII  which  shows  the  selection  standards  for  the  first  year  in  con- 
nection with  the  frequency  curves  of  length  and  yield.  The  lines 
frcmi  which  the  arrows  are  drawn  show  the  selection  limits. 

Chabt  VIII. —  Fbiouinct  Cubvbs  or  Imkotb  akd  Ynut, 
1914-lS. 

LkOHH.      .  Vrnij. 


3!;33S$3S35 


Length  in  oiifr4ulf  mdMi.  YWd  per  pUnt 

By  selecting  the  plant*  from  the  frequency  curve  and  without  knoiH- 
edge  of  their  vigor,  any  plants  which  were  Mgh-yielding  because  of  ab- 
nomally  high  vigor  were  selected  and  the  same  was  true  with  pUnts 
of  low  yield,  due  to  lack  of  vigor.  This  objection  has  now  been 
overcome  by  a  somewhat  different  method  of  selection.  Each  plant 
or  group  of  plants  is  plotted  according  to  vigor  on  a  chart  with  a 
common  base  line  and  with  the  yield  plotted  above  and  the  stem- 
length  below  the  vigor  line.     (See  Chart  XI.)    In  this  way  two 
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points  are  located  for  a  smgle  plant  or  group  of  plants,  the  one  directly 
above  the  other,  and  the  line  connecting  them  passes  thru  the 
vigor  value  of  the  ^plant.  As  an  aid  in  selection,  a  straight  line  was 
drawn  thru  each  population  in  such  a  way  as  to  divide  the  members  in 
the  various  vigor  classes  into  nearly  equal  parts.  Inasmuch  as  the 
individuals  near  this  line,  the  averi^  plants,  were  discarded  when- 
ever possible,  this  method  of  dividing  the  population  was  deemed 
sufficiently  accurate.  To  check  this  point,  however,  in  several  cases 
the  strai^t  line  was  determined  by  the  formula,  y^=mx  +  n.  The 
two  lines  were  found  to  differ  but  little.  Values  lying  above  the  line 
would  then  represent  high-yielding  or  long-stem  plwts  and  those 
below  the  Une  low-yielding  or  short-stem  plants. 

By  selecting  from  this  chart  it  was  possible  to  find  those  plants 
which  were  above  or  below  the  average  at  any  particular  vigor. 
This  method  has  been  used  the  last  two  years  with  very  satis- 
factory results.  In  1915-16  the  selections  were  made  on  the  basis 
of  the  average  performance  of  the  four  plants  tracing  from  a  common 
origin  the  previous  year.  The  f  ollowiDg  year  the  average  of  the  sbc- 
teen  plants  with  common  origin  was  used  and  so  on  for  each  year,  the 
total  number  tracing  from  a  single  pl^it  in  1914  increasing  by  mul- 
tiples of  four  each  year. 

A  second  series  of  charts  (Chart  X)  is  used  to  show  the  influence 
of  location  in  the  house  upon  the  three  factors  studied  and  the  rela- 
tive fluctuation  of  t^ose  factors.  These  charts  are  also  useful  in 
showing  the  sudden  jumps  that  frequently  occur  in  passing  from  one 
type  of  selection  to  another  when  the  plants  lie  in  adjacent  rows. 

Correlation  tables  are  made  for  tne  three  factors  for  the  entire 
house  and  for  each  of  the  four  selection  groups,  and  for  each  of  these 
the  following  values  are  computed:  Coefficient  of  correlation  of 
vigor  and  length,  vigor  and  yield,  and  length  and  yield;  the  standard 
deviation  of  length,  yields  and  vigor;  the  mean  values  of  length, 
yield,  and  vigor;  regression  coefficients;  and  the  corrected  means 
where  yield  and  length  have  been  reduced  to  a  common  vigor  by 
the  regression  coefficients. 

These  values  are  summarized  in  Table  I  and  in  the  appendix 
are  placed  the  correlation  tables  for  the  entire  house  for  each  year 
of  the  experiment  and  the  correlations  for  each  selection  group  for 
the  last  year.  To  include  all  the  correlation  tables  seemed  unneces- 
sary since  those  which  were  selected  show  the  general  trend  of  the 
correlations. 

A  study  of  the  correlation  tables  themselves  without  reference  to 
computed  values  is  of  considerable  help  as  it  shows  roughly  the 
degree  of  correlation,  the  approximate  averages,  and  the  presence 
of  any  abnormal  plants  which  need  further  study.  If  any  sporting 
occtirs  in  the  factors  studied  it  can  be  quickly  detected  by  this  means. 
In  studying  the  1915-16  records  a  number  of  the  correlations 
were  worked  out  for  the  first  and  for  the  third  periods  of  harvest. 
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The  correlation  between  vigor  and  yield  in  the  first  group  of  pick- 
ings was  low  but  for  the  tlnrd  group  considerably  hi^er  except  for 
the  short-low  group  and  in  the  total  this  correlation  is  still  higher 

VJJ 

with  all  groups.    A  study  of  the  formula  for  correlation,  iv.«-^^, 

shows  the  mathematical  reason  for  this.  The  total  yields  for  the 
third  group  were  of  course  considerably  higher  than  for  the  first 
group  of  pickings  and  the  total  for  the  three  groups  very  much  higher. 
Thus,  we  have  a  constantly  increasing  ^dd  in  the  numerator, 
while  in  the  denominator  the  standard  deviation  for  vigor  does  not 
fluctuate  materially  and  the  standard  deviation  for  yield  does  not 
increase  as  rapidly  as  the  summation  so  that  we  have  a  constantly 
increasing  value  for  the  coefi&cient  of  correlation.  The  fimdamental 
reason  is  probably  that  by  the  third  period  of  harvest  the  pkuits  have 
reached  their  maximum  production  and  under  such  conditions  prob- 
ably show  greater  correlation  than  earlier  in  the  season.  This  varia- 
tion in  the  correlation  is  another  reason  why  it  is  diflicult  to  compare 
dbOFerent  years  with  each  other. 

In  Table  II  are  summarized  for  the  last  four  years  the  corrected 
mean  yield  and  mean  stem-length  for  the  house  and  the  differences 
for  the  contrasted  selection  groups.  Such  a  summary  is  very  con- 
venient in  the  analysis  of  the  data. 

Table  II. — Foub  Ybab  Summaribs  of  Yislds  and  Stem-lbngthb. 


Ykld  and  length  for  each  selection  group  computed  for  each  year  to 

of  hcMiaa. 

average  vigor 

YlXLDS. 

Group  yiddfl. 

Long  stem. 

Short  Ktem. 

Group 
IcDStha. 

High  yield. 

Lowyidd. 

1915-16      ^ 
High  yield.... 
Low  yield 

84.08  :b.488 
33.65  d:.631 

32.18±  .6S0 
34.36db  .691 

Long  stem.. 
Short  tteiiL. 

Long  stem. . 
Short  stem.. 

Long  stem.. 
Short  stem.. 

Long  stem.. 
Short  stem.. 

8.920  db.029 
8.687 db.040 

8.483  db.043 
8.587d:.0<3 

QainorloM. 

191&-17 
Highsrield.... 
Low  yield. .... 

.43db.797 

31. 893  d:. 587 
30. 460  =h. 605 

^2.18±.954 

32.887±.608 
31.436db.672 

.383+.049 

8.685db.028 
8.437d:.034 

— .064±.060 

8.603-I-.033 
8.243  db.028 

Gain 

1917-18 

Hiffh  yield 

Low^dd 

1.433:^.808 

17.e95=k.312 
14.587±.311 

1.401d:.902 

19.903±.993 
14.116db.271 

.198^.044 

7.758±.026 
7.397db.025 

.360d:.044 

7.812±.033 
7.817±.024 

Gain 

1918-19 
Hish  yield.... 
Low  yield 

3.108=h.441 

30.484±.605 
34. 637  =h. 572 

5.787±.478 

40.359  d:. 569 
35.889  d:. 515 

.361±.036 

8.409d:.080 
8.041  d:.036 

.496±.0«1 

8.525±.081 
8.179  d:.OS 

Gain 

1.847db.754 

4.970  =h.767 

.868:i:.046 

.34e±.0(8 

New  York  Agricultural  Experiment  Station.         455 

More  should  be  said  of  the  use  of  the  regression  coefficient.  A 
study  of  the  coefficients  of  correlation  shows  the  high  degree  of 
correlation  between  vigor  and  yield  and  vigor  and  stem-length.  For 
this  reason  it  became  necessary  to  find  some  way  of  reducing  the 
various  groups  to  a  common  vigor  in  order  to  compare  yield  and 
stem-length.  This  can  be  done  with  sufficient  accuracy  by  means 
of  the  regression  coefficient.^  The  four  selection  groups  were  reduced 
to  the  same  vigor  as  the  house  average  by  multiplying  the  difference 
between  the  group  average  vigor  and  the  house  average  vigor  by 
the  regression  coefficient.  If  the  group  vigor  was  less  thaii  the  house 
average  this  value  was  added  to  the  group  average  length;  if  the 
group  vigor  was  greater  than  the  house  average,  it  was  subtracted 
from  the  group  length. 

INFLUENCE  OF  LOCATION  IN  HOUSE  UPON  YIELD  AND 

STEM-LENGTH 

On  first  thoxight,  one  would  expect  that  the  house  conditions  were 
sufficiently  uniform  so  that  environmental  variations  could  be 
excluded  but  a  study  of  the  year's  record  shows  this  not  to  be  the  case. 
Even  after  five  years'  study  all  of  the  factors  causing  variation  can 
not  be  stated  positively  but  the  two  most  influential  are  probably 
temperature  and  light.  As  both  of  these  differ  in  different  seasons 
we  find,  in  stud3dng  the  house  from  year  to  year,  indications  of  yearly 
variations  so  that  any  conclusions  drawn  from  the  first  year's  record 
must  be  appUed  to  any  other  year  only  with  many  reservations. 

Chart  IX  shows  the  yield  and  average  stem-length  for  1914-15 
for  groups  of  sixteen  plants  in  two  adjacent  rows  as  they  stood  in 
the  two  benches.  Care  was  taken  to  have  the  soil  and  cultural 
treatment  as  uniform  as  possible  and  so  it  seems  safe  to  say  that 
any  fluctuations  of  the  groups  are  due  to  the  influence  of  location 
in  the  house  upon  plant  growth.  In  other  years  variations  may  be 
due  to  the  selection  as  well  as  to  the  influence  of  position. 

On  the  chart  we  notice  a  fluctuation  in  the  north  bench  which 
has  appeared  to  a  greater  or  less  extent  in  every  year  and  has  been 
an  important  factor  in  compUcating  the  results  in  this  bench.  In 
the  west  half  of  the  bench  (the  left  side  of  the  chart),  the  yield  shows 
a  peak  extending  about  one-third  of  the  way  down  the  bench  and 
there  is  a  remarkable  rise  in  the  stem-length  of  this  area.  Year 
after  year  in  this  part  of  the  bench  have  been  the  most  vigorous 
plants,  those  with  the  longest  steins,  and,  usually,  l^ose  with  the 
highest  yield  in  the  entire  house.  The  eastern  half  of  the  bench 
tb^  fijrst  year  shows  a  constantly  increasing  yield  and  stem-length. 
This  increase  does  not  seem  to  be  as  pronounced  in  other  years  and 
just  why  it  should  show  to  the  extent  that  it  does  this  first  year  is 

^  The  formuk  used  was:  Regression  coefficient  of  length  to  vigor  =  n.?  — ^. 
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not  known.  In  the  south  bench  there  are  some  rather  sharp  fluctua- 
tions in  stem-length  and,  in  general,  the  yield  fluctuates  with  the 
length.  Taking  the  whole  of  the  south  bench  into  consideration 
no  marked  change  seems  to  show  which  could  be  laid  to  environment. 
In  the  light  of  the  other  years'  records,  however,  the  tendency  of 
the  stem-length  to  increase  slightly  at  the  west  end  while  the  yield 
decreases  slightly  is  significant,  and  it  is  probably  safe  to  say  that 
the  western  half  of  the  bench  is  somewhat  more  favorably  located 
for  stem-length  development  than  the  eastern  half. 

GENERAL  DISCUSSION  OF  RESULTS  FOR  1914-16 

The  first  year  no  record  was  taken  of  vigor,  only  the  total  yield 
of  each  plant  and  the  stem-length  of  each  blossom  being  recorded. 
Altho  the  lack  of  a  record  of  vigor  decreases  the  value  of  the  first 
year's  results  to  some  eictent,  our  knowledge  of  the  general  relations 
of  stem-length  and  yield  gathered  from  the  other  four  years  enables 
us  to  interpret  the  results  for  the  first  year  with  considerable  accuracy. 

House'values, — Because  of  the  lack  of  the  vigor  record,  it  was  pos- 
sible to  correlate  only  length  and  jdeld.  The  coefficient  of  correla- 
tion for  the  entire  house  was  0.416  =fc  .019,  very  considerably  lower 
than  the  following  year  when  it  was  0.729  d=  .012.  This  low  corre- 
lation is  due  to  the  failure  of  the  two  factors  to  respond  in  the  same 
degree  to  the  house  conditions  affecting  the  west  end  of  the  two 
benches.  This  condition  seems  more  noticeable  this  year  than  in 
the  following  years.  The  average  length  for  the  house  was  high, 
8.836  d:  .012  imits,  in  proportion  to  the  yield  of  27.969  db  .269 
blooms,  as  shown  in  Table  III. 


Table  Hi.—  }ftvm  Ybab  Suiocabibs. 
Mean  values  for  entire  house. 

Ybab. 

Yield. 

Length. 

Vigor. 

1914-15 

27.9e9dh.259 
35.590:i=.306 
31.747ifc.306 
16.368db.l76 
36.367ik.278 

8.836=b.012 
8.600db.018 
8.489=b.016 
7.536=b.015 
8.3S0d=.016 

1916-16 

49.996:i=.605 

1916-17 

53.177±.471 

1917-18 

53.591db.567 

191S-19 

81.447di.339 

It  is  probable  that  the  commercial  grower  from  whom  these  plants 
were  purchased  had  been  selecting  for  high  vigor  for  years,  and  thus 
had  been  unconsciously  selecting  for  long  stems  and  high  yield. 

Selectian  of  plants  for  lOld-ld. —  The  method  used  in  selecting  the 
plants  for  propagation  during  the  first  years  has  already  been  de- 
scribed.   Because  of  the  errors  involved  in  this  method  and  because 
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of  lack  of  knowledge  of  the  vigor  of  the  plants,  many  were  marked 
for  propagation  along  the  four  lines  of  selection  which,  in  the  light 
of  our  present  knowledge,  should  have  been  discarded  or  should 
have  been  included  in  a  different  class  from  the  one  in  which  th^ 
were  placed. 

GENERAL  DISCUSSION  OF  RESULTS  FOR  1915-16 

Before  it  was  realized  to  what  extent  the  factors  under  observa- 
tion would  be  influenced  by  house  conditions,  the  plants  for  the 
1915-16  crop  were  planted  in  the  house.  The  long-high  and  short- 
high  groups  were  placed  in  the  south  bench  and  the  long-low  and 
short-low  groups  in  the  north  bench.  As  the  total  number  of  plants 
this  year  was  kept  to  about  700,  all  the  groups  save  the  long-high 
occupied  somewhat  less  than  a  quarter  of  a  bench. 

House  values. —  From  Chart  X,  where  each  point  represents  the 
average  for  twelve  adjacent  plants,  it  will  be  seen  that,  on  the  south 
bench,  the  vigor  and  yield  were  approximately  the  same  for  the 
two  groups  but  that  the  line  of  stem-length  is  somewhat  lower  in 
the  short-stem  selection  than  in  the  long-stem  selection. 

On  the  north  bench  the  region  of  high  yield  discussed  under  the 
previous  year's  data  does  not  begin  until  the  seventh  or  eighth 
row  but  seems  to  cany  to  the  east  to  about  the  thirtynsecond  row, 
covering  practically  the  entire  bench  so  far  as  it  is  occupied  by  these 
two  groups.  In  this  bench  the  fluctuations  in  vigor  make  it  impo^ 
sible  to  observe  any  certain  differences  in  stem-length  or  yield  in 
the  two  selections.  Referring  to  Table  II,  where  the  summaries  for 
the  four  yeai*s  are  given,  we  note  that  the  average  stem-lengths  for 
these  two  groups  do  not  show  a  significant  difference  while  the  stem- 
length  difference  in  the  south  bench  is  .383  ±  .049  imits  in  favor 
of  the  long-stem  selection.  Owing  to  the  differences  between  the 
two  benches  it  is  difficult  to  draw  any  conclusion  with  r^ard  to 
3rield.  On  the  west  ends  of  the  two  benches  the  high-yield  is  slightly 
better  than  the  low-yield  selection  when  reduced  to  a  common  vigor. 
Most  of  the  short-low  plants  on  the  north  bench  lie  in  a  more  favor- 
able position  than  the  short-high  plants  on  the  south  bench  and  this 
probably  accounts  for  this  group  being  the  higher  yielding  one 
contrary  to  the  selection. 

Selection  of  plants  for  1916-17, —  Elach  half  row  in  the  yesa  1915- 
16  originated  from  a  single  plant  of  the  previous  year.  At  the  time 
that  that  single  plant  was  selected  to  act  as  a  parent  only  the  one 
year's  record  was  available  to  use  in  judging  in  which  group  the  plant 
should  fall.  At  the  end  of  1915-16  the  record  of  the  four  plants 
with  a  common  parentage  showed  clearly  that  a  number  of  groups 
did  not  belong  in  the  classes  in  which  they  had  been  placed.  Some 
indeed  were  so  far  out  of  the  class  in  which  they  were  first  placed 
that  it  seemed  wise  to  select  them  for  continued  propagation  in  one 
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of  the  other  groups  in  which  they  now  appeared  to  fall.  Others  of 
these  abnormal  plants  were  discarded.  As  all  these  plants  were 
included  in  the  group  tabulations  they  have  served  to  smooth  out 
the  results  to  some  extent  and  hide  any  effects  due  to  the  selection. 
Chart  XI  shows  the  distribution  of  the  groups  of  four  plants.  The 
gi*oups  selected  for  further  propagation  are  noarKed  with  the  airow,  the 
direction  of  the  arrow  indicating  the  direction  of  the  selection.  The 
method  illustrated  in  this  chart  was  not  developed  until  later  and  an 
inspection  of  the  chart  shows  that  some  groups  were  retained  which 
should  have  been  discarded  while  many  were  discarded  which  ahoidd 
have  been  retained. 

GENERAL  DISCUSSION  OF  RESULTS  FOR  191ft-17 

This  year  there  were  sixteen  plants  tracing  hack  to  a  single  plant 
placed  in  the  house  in  1914.  These  sixteen  plants  were  set  out  in 
two  rows  of  eight  each,  extending  across  the  bench.  Groups  repre- 
senting the  same  t3rpe  of  selection  were  scattered  thru  the  house 
in  such  a  way  that  the  influence  of  house  variations  was  probably 
very  largely  done  away  with  so  far  as  the  summaries  aro  concerned. 

From  an  inspection  of  the  graphs  of  the  values  for  length,  yield, 
and  vigor,  plotted  for  position  in  the  house  as  shown  in  Chart  XII, 
it  would  seem  that  there  was  somewhat  less  fluctuation  on  the  north 
bench  than  was  the  case  the  first  two  years,  especially  in  reeard  to 
yield  and  stem-length.  There  was,  however,  a  tendency  for  the 
first  sixteen  rows  from  the  west  to  be  somewhat  better  than  the 
next  sixteen.  In  the  previous  year  the  high  area  on  the  north  bench 
seemed  to  extend  from  about  Row  10  thru  Row  31.  There  was 
considerably  more  vaiation  in  the  south  bench  than  in  the  previous 
two  years,  there  being  an  especially  high  area  between  Rows  8  and 
18.  The  different  selection  classes  were  so  scattered  thru  the  house 
that  no  one  class  seems  to  have  been  affected  by  these  areas  more 
than  the  others. 

House  values. —  Toward  the  latter  part  of  the  season,  nematodes 
were  found  on  the  roots  of  several  plants.  These  decreased  the 
vigor  and  the  yield  of  blossoms  on  a  number  of  plants  but  in  spite 
of  this  the  house  average  jrield  was  31.747  ±  .306  from  November  3, 
1916,  to  March  5,  1917.  (See  Table  III.)  The  avera^  stem-length 
for  the  same  period  was  8.489  ±  .016  imits,  or  4.244  inches.  It  is 
probable  that,  because  of  the  nematodes,  our  vigor  standard  was 
slightly  lower  than  in  the  previous  year  as  the  average  length  of 
practically  8.5  units  was  from  plants  with  an  average  vigor  of  53.177 
=h  .471,  while  in  1915-16  the  average  length  of  8.600  db  .018  was 
from  plants  with  an  average  vigor  of  practically  50. 

Oroup  yields, —  In  the  two  groups  selected  for  long  stems,  the 
high-yielding  selection  gave  1.433  =b  .808  blooms  more  than  the  low 
selection  and  in  the  two  shortHstem  groups  the  difference  between*the 
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high  and  low  selection  was  1.401  ±  .902  blooms.  (See  Table  II.) 
This  is  not  a  large  difference  and  in  each  case  it  is  less  than  twice  the 
probable  error  of  the  difference.^ 

Group  lengths. —  In  the  two  high-yielding  selections  the  aven^ 
stem-length  of  the  short-stem  group  was  .198  db  .044  units  below  the 
average  for  the  long-stem  group  and  in  the  two  low-yielding  selec- 
tions the  average  stem-length  of  the  short-stem  group  was  .360  ± 
.044  units  below  the  long-stem  group.  (See  Table  II.)  In  the  high- 
yielding  group  this  difference  is  about  five  times  the  probable  error 
and  in  the  low-yielding  group  about  nine  times  the  probable  error. 
It  must  be  borne  in  mind  that  the  selection,  which  is  really  a  process 
of  isolation,  is  not  acting  rapidly  enough  at  the  end  of  the  first  two 
selection  periods  for  us  to  expect  any  very  great  difference.  Such 
differences  as  these  were,  therefore,  a  surprise  to  all  engaged  in  the 
work  and  may  be  considered  as  very  significant  in  throwing  light 
upon  the  trend  of  the  experiment. 

Selection  of  plants  for  1917-18. —  In  making  the  selection  for  the 
following  year,  groups  tracing  back  to  a  conmion  parent  plant  in 
1914  were  treat^  as  units.  Chart  !^II  shows  the  distribution  of 
the  average  values  for  these  groups  and  those  selected  for  further 
propagation. 

■ 

GENERAL  DISCUSSION  OF  RESULTS  FOR  1917-18 

It  was  planned  for  this  year  that  there  should  be  sixteen  rows  of 
foiu*  plants  each,  all  tracing  back  to  a  single  plant  in  the  1914-15 
population.  It  was  not  possible  in  all  cases,  however,  to  continue 
propagating  at  the  rate  of  f oiu*  to  one  and  so  some  of  the  groups  fall 
below  a  total  of  sixty-four.  Plants  having  a  common  origin  were 
not  separated,  but  those  groups  which  had  a  conunon  selection  were 
scattered  through  the  house  in  order  to  eliminate,  so  far  as  possible, 
the  influence  of  house  variations.  It  would  have  been  somewhat 
better  had  the  imits  of  sixty-four  plants  been  split  up  into  two  or 
four  groups  and  placed  in  different  parts  of  the  house. 

House  values. —  The  very  imusual  cold,  together  with  the  age  and 
poor  condition  of  the  house,  resulted  in  a  very  hght  yield.  The 
average  yield  for  the  house  for  a  period  extending  from  November 
20,  1917,  to  March  12,  1918,  was  16.368  ifc  .176  blossoms.  The 
average  stem-length  was  7.635  =fc  .015.  But  one  vigor  record  was 
taken  this  year,  that  at  the  end  of  the  picking  season.  The  average 
vigor  was  53.591  =fc  .667.     (See  Table  III.) 

Group  yields. —  In  the  longHStem  selections  the  high-yielding  group 
averaged  3.108  =b  .441  blossoms  more  than  the  low-3delding  plants. 
In  the  short-stem  selection  the  high-yielding  plants  averaged  5.787 
±  .478  more  than  the  low-yielding  plants.     (See  Table  11.) 

1  The  probable  error  of  the  differenee  is  found  by  extnetizig  the  square  root  of  the 
sum  of  the  squares  of  the  probable  errors  of  the  means  whioh  are  oompaied. 
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Onup  lengths, —  In  the  high-yielding  selection  the  long-stem  plants 
averag&d  .361  ±.  .036  units  longer  than  the  short-stem  plants,  and 
in  the  low-3delding  selection  the  long-stem  plants  were,  on  the  aver- 
age, .495  =fc:  .041  units  longer.  In  comparison  with  the  probable 
errors  these  differences  are  sufficiently  lai^  to  remove  any  doubt 
of  their  value.     (See  Table  II.) 

Selecting  plarUafor  1918-19, —  The  general  correlations  of  the  three 
factors  are  shown  graphically  in  ChMt  XTV.  Here,  also,  are  indi- 
cated the  plants  retained  for  the  next  year. 

This  chart  shows  even  more  clearly  than  the  figures  given  above 
that  our  process  of  isolation  has  separated  out  distinct  groups.  Thus, 
in  the  north-west  quarter  of  the  house,  the  long-low  group  and  the 
short-high  group  have  the  positions  of  the  stem-length  and  yield 
lines  reversed  at  nearly  the  same  vigor.  The  yield  line  of  the  long- 
high  group  is  much  higher  at  lower  vigors  than  in  the  short-low  group. 
On  the  west  end  of  the  south  bench,  the  two  contrasted  selections, 
long-low  and  short-high,  show  a  complete  reversal  in  the  relative 
positions  of  the  yield  and  length  lines. 

In  Chart  XV  the  average  yield  and  average  stem-length  of 
groups  of  twelve  adjacent  plants  are  plotted  to  the  average  vigor. 
Since  there  were  as  high  as  sixty  plants  in  a  single  line,  the  points 
on  the  chart  do  not  now  represent  the  entire  performance  of  a  partic- 
ular selection  as  has  previously  been  the  case  in  this  t3rpe  of  chart. 

GENERAL  DISCUSSION  OF  RESULTS  FOR  1918-19 

Propagating  the  selected  plants  at  the  rate  of  four  to  one,  there 
should  be  256  tracing  back  to  a  common  origin  in  1914.  Owing  to 
the  vicissitudes  of  propagation,  however,  this  number  was  not 
retained  in  every  case.  In  one  or  two  cases  the  number  was  very 
considerably  cut  down,  but  in  such  cases  this  was  done  largely 
because  of  lack  of  room  or  the  uncertainty  as  to  whether  that  par- 
ticular line  would  be  continued  further.  The  larger  populations 
were  broken  into  three  groups  and  placed  in  different  parts  of  the 
house.  In  this  way  it  is  probable  that  whatever  house  fluctuations 
there  were  have  not  seriously  influenced  the  final  average  results. 
In  gener^  the  house  fluctuations  this  year  were  not  extreme.  In 
Chart  XVtf  the  usual  peak  is  seen  on  the  north  bench  but  it  is  not 
extreme  and  seems  to  affect  3deld  more  than  the  other  factors.  The 
south  bench  shows  many  minor  fluctuations  but,  on  the  average, 
it  is  fairly  uniform. 

House  values, —  The  total  yield  per  plant  from  October  18,  1918, 
to  January  31,  1919,  was  36.367  ±  .278.  The  average  stem-length 
was  8.33  ±  .016.  (See  Table  III.)  The  first  two  harvests  of  the 
season  were  very  heavy  and,  as  is  always  the  case  with  the  first 
harve^,  there  was  a  high  proportion  of  short-stem  blossoms.  In 
other  years  the  first  harvest  has  been  discarded  because  of  these 
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short-Btem  blossoms  but,  on  account  of  the  large  number  of  blooms 
in  the  first  harvest  this  year,  it  was  decided  to  retain  it  in  the  records. 
Because  of  including  these  short  stems,  the  average  length  has  prob- 
ably been  decreased  several  tenths  of  a  unit.  In  the  third  group  of 
harvests,  that  extending  from  December  24  to  January  31,  a  very 
considerable  proportion  of  the  plants  averaged  well  above  ten  units 
in  length.  The  average  vigor  this  year  was  81.447  ±  .339.  In 
other  years  it  has  been  the  custom  to  arrange  the  vigor  scale  in  such 
a  way  that  the  average  would  be  approximately  50,  but  this  year 
such  a  large  proportion  of  the  plants  showed  extreme  vigor  that  this 
did  not  seem  advisable.  Plants  recorded  as  having  a  vigor  of  50 
per  cent  this  year  were  probably  fairly  comparable  with  those  having 
a  similar  vigor  record  last  year. 

(rrcmp  yields. —  In  the  long-stem  selections,  the  high-yielding  plants 
averaged  1.847  zk  .754  blooms  more  than  the  low-yielding  plants. 
(See  Table  II.)  This  is  less  than  the  difference  between  the  same 
groups  in  the  previous  year.  This  fact  may  probably  be  considered 
as  another  indication  that  our  process  of  selection  is  b^inning  to 
isolate  distinct  groups  because  this  year  there  are  progeny  of  only 
two  of  the  original  plants  represented  in  the  long-high  group.  One 
of  these  plants,  51  D,  which  is  the  clon  retained  to  continue  the  selec- 
tion for  another  year,  is  not  strictly  a  high-yielding  clon,  but,  from 
its  performance  of  other  years,  would  be  graded  as  somewhat  above 
the  average.  It  is  retained,  however,  because  it  is  long-stemmed 
and  is  sufficiently  high-yielding  to  answer  the  purpose.  In  the  short- 
stem  selection  the  mgh-yieldmg  plants  gave  4.970  dz  .767  blossoms 
more  than  the  low-yielding  plants.  This  great  difference  in  yield  is 
due  to  the  fact  that  90  B,  the  short-high  strain,  is  a  remarkably 
high-yielding  group. 

Group  lengths. —  In  the  high-yielding  strains  the  long-stem  plants 
were  .368  d=  .046  units  longer  in  blossom  stem-length  thaji  the  short- 
stem  plants  and,  in  the  low-yielding  strain,  the  difference  was  .346 
db  .048.  (See  Table  II.)  These  differences  are  not  quite  as  great 
as  in  the  previous  year  but,  as  before  explained,  this  is  due  to  the 
inclusion  in  the  records  of  a  large  number  of  short-stem  blooms  in 
the  first  picking  which  in  previous  years  were  discarded. 

When  the  house  was  planted  in  the  fall  of  1918  the  different  lines 
were  broken  into  groups,  the  groups  being  placed  in  different  parts 
of  the  house.  In  all  there  were  twelve  groups.  A  study  of  these  in 
Chart  XVI  shows  that  in  seven  cases  the  relative  position  of  the 
graph  of  both  stem-length  and  yield  indicates  clearly  the  type  of  the 
selection  of  that  group.  In  each  of  the  other  five  cases,  tne  graph 
of  either  stem-length  or  yield  is  in  the  position  to  be  expected  from 
its  types  of  selection  while  the  other  graph  is  either  uncertain  or 
apparently  opposite  to  the  selection.  In  two  of  these  latter  cases, 
the  two  groups  of  74  F  on  the  west  end  of  the  north  bench|  a  possible 
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cause  for  the  failure  to  follow  the  selection  may  be  suggested.  If 
we  refer  back  to  Chart  IX  we  see  that  with  the  mixed  population  of 
1914-15,  in  the  area  occupied  by  these  two  groups,  there  was  a  dif- 
ferent relation  between  the  stem-length  and  yield  lines  than  in  the 
rest  of  the  house.  As  has  been  suggested  before,  this  difference  is 
probably  due  to  a  slight  change  in  the  environmental  factors  in  the 
northwest  comer  of  the  house. 

The  way  in  which  the  plants  adhere  to  their  respective  types  of 
selection  is  also  shown  in  Chart  XVII.  Here  the  whole  population  is 
shown  in  groups  of  eight  plants  and  the  character  of  the  selection  of 
each  group  is  graphically  indicated.  It  is  remarkable  the  small 
number  of  groups  which  fall  in  areas  occupied  by  gproups  of  the 
opposite  selection. 

CONCLUSION 

The  first  five  years  of  selection  have  isolated  four  wellTdefined 
groups.  The  differences  between  the  opposite  selections  are  suffi- 
ciently large  to  show  graphically  on  the  charts  of  the  two  benches 
for  the  fourth  and  fifth  years  and,  in  comparison  with  their  probable 
errors,  make  it  certain  that  they  are  not  due  to  chance  variations. 
It  is  believed  that  variations  due  to  lack  of  uniformity  of  conditions 
within  the  house  have  been  so  nearly  eliminated  that  the  final  results 
are  not  materially  affected. 

When  this  work  was  started  it  was  the  opinion  of  those  connected 
with  it  that  such  a  result  as  this  would  not  be  secured  and  probably 
most  pomologists  would  have  held  the  same  opinion.  For  this 
reason  there  is  justification  in  restating  certain  points  and  showing 
the  possible  application  of  the  results. 

During  the  five  years  reported  in  this  publication,  the  process  of 
selection  has  really  been  one  of  isolation  whereby  certain  clonal  lines 
have  been  selected  out  of  the  miscellaneous  population  purchased  in 
1914.  In  nearly  every  case  each  plant  within  the  clon  has  been  the 
parent  of  four  plants  used  the  following  year.  It  follows,  then, 
that  we  seemingly  have  proved  only  the  existence  of  asexuaUy  inheri- 
ted differences  which  probably  were  present  before  the  experiment 
was  begun.  No  attempt  has  been  made  to  find  when  or  how  such 
differences  arise. 

That  differences  have  been  found  in  the  violet  which  could  be 
passed  on  from  bud  generation  to  bud  generation  does  not  prove 
that  similar  differences  may  be  found  in  the  apple  but  it  does  make 
it  seem  more  probable  that  such  differences  exist.  Unfortunately, 
from  the  standpoint  of  practical  appUcation,  the  labor  and  the  tech- 
nical difficulties  involved  in  proving  that  an  observed  difference  is 
really  transmissable  and  not  simply  a  temporary  response  to  an 
environmental  change  make  it  seem  inadvisable  for  a  nurseryman  to 
attempt  such  a  proUem. 
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The  four  selection  groups  now  contain  only  five  pure  lines,  each 
tracing  .back  to  a  single  plant  in  1914.  Whether  these  clonal  lines 
are  pure  lines  in  the  sense  that  Johannsen  has  applied  that  tenn 
or  whether  they  are  simply  stages  beyond  which  we  will  go  to  greater 
differences,  tlmi  further  selection,  is  now  the  problem. 

PLANS  FOR  CONTINUING  THE  EXPERIMENT 

There  had  been  no  selection  within  any  clonal  line  up  to  the  spring 
of  1919.  At  that  time  it  was  decided  that  fifty  parent  plants  would 
be  saved  in  each  of  the  four  types  of  selection  as  this  would  give  tiie 
800  plants  necessary  to  fill  the  house.  In  all  but  one  type  these 
fifty  were  selected  from  one  clon  only.  As  there  were  from  100  to 
150  plants  from  which  to  select  the  fifty  parent  plants  this  afforded 
an  opportunity  to  choose  those  plants  which  best  answered  the 
conditions  of  their  particular  type.  Instead  of  selecting  single 
plants,  groups  of  four,  each  tracing  back  to  a  single  parent  the  pre- 
vious year,  were  selected. 

In  one  group,  the  short-high  selection,  two  plants  were  used  to 
start  two  new  lines  in  an  attempt  to  break  up  a  clon  by  selection 
within  it.  One  of  these  plants  was  selected  for  long  stem  and  the 
other  for  short  stem.  In  choosing  these,  care  was  taken  to  find  two 
plants  which  did  not  have  a  common  origin  until  the  original  1914 
plant  was  reached.  These  two  lines  will  l^  continued  with  intensive 
selection. 

These  general  plans  will  be  followed  for  another  five  years  to  test 
the  fixity  of  the  clonal  lines. 
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POPULAR  BULLETIN  REPRINTS 


JSTEGLECT  OF  DETAILS  IN  CARE  OF  MILKING 
MACHINES  RESULTS  IN  LOW  GRADE  MILK* 

J.  D.  LUCKETT 

The  use  of  the  milking  machine  with  its  rubber  tubes, 

The  milking    pail  lid  with  milk  spigots  and  valves,  more  or  less 

machine  and   complicated  pulsator,  and  heavy  pail,  requires  much 

pore  milk,     greater  care  than  the  simple  milk  pails  used  in  hand 

milking  to  insure  the  production  of  clean,  pure  milk 
of  good  keeping  quality.  While,  in  a  sense,  milk  drawn  by  machines 
under  proper  conditions  is  cleaner  than  hand-^irawn  milk  in  that  it  is 
free  from  sediment  and  dust,  if  the  accumulation  of  bacteria  in  the 
milky  substance  left  in  the  poorly  cleaned  tubes  is  regarded  as  dirt  (as 
it  should  be)  the  average  machine-drawn  milk  is  not  as  clean  as  hand- 
drawn  milk.  Since  it  is  a  simple  matter  to  protect  machine-drawn 
milk  from  outside  dirt,  the  investigations  described  in  the  complete 
bulletin  have  to  do  with  the  difficulties  actually  met  with  by  farmers 
in  keeping  milk  drawn  thru  the  milking  machine  free  from  excessive 
numbers  of  bacteria. 

As  a  result  of  the  ease  with  which  mUking  machines 

Station  method  become  seeded  with  bacteria  the  Station  has  de- 

of  caring  for    veloped  a  method  of  caring  for  the  machines  which 

machines,      is  essentially  as  follows :    A  rapid  but  careful  washing 

of  the  machine  by  drawing  thru  it  immediately  after 
each  milkmq  successive  pails  of  cold  water,  hot  alkali  water,  and  clear 
hot  water;  immersion  of  the  teat-cups  and  all  rubber  parts  in  a  good 
sterilizing  solution  between  milkings,  supplemented  by  a  very  thoro 
weekly  overhauling  of  the  teat-cups  and  tubes;  and  the  daily  scalding 
and  thoro  dryir^g  of  all  metal  parts  that  come  in  contact  with  the  milk 

*  Reprint  of  Popular  Bulletin  No.  472,  April,  102(X    The  Complete  Bulletin  is 
reprinted  on  p.  IIOL 
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except  those  parte  kept  in  the  Bterilizing  solution.  Parts  kept  in  tlie 
fiteriiiising  solution  are  rinsed  in  water  before  using  them  for  miUdag. 
Good  resulta  have  been  secured  with  this  method  at  the  Station  Sac 
more  than  ten  years,  but  farmers  in  the  vicinity  of  Geneva  who  have 
attempted  to  use  similar  methods  of  cleanii^  and  caring  for  their 
machines  have  generally  failed  to  obtain  equally  good  results.  An 
inspection  of  the  dairies  usually  showed,  however,  that  a  lack  of 
attention  to  details  was  responsible  for  the  production  of  milk  having 
excessive  numbers  of  bacteiia. 

The  difficulty 

The  hot  water  of  obtaining 

siqiply.         an     adequate 

supply  of  hot 
water  in  the  bam  or  milk 
house  frequently  appears  as 
a  serious  obstacle  to  milking 
machine  users  and  prospective 
buyers.  It  has  been  found  at 
the  Station,  however,  that  an 
abundance  of  hot  water,  t,e., 
more  than  a  tea  kettle  full,  is 
necessary  if  the  utensils  are  to 
be  kept  clean  and  essentially 
sterile.  If  the  bam  is  equipped 
with  mnning  water,  a  hot 
water  tank  and  heating  coil 
can  be  installed,  and  the  coil 
heated  by  means  of  a  wood 
or  coal  stove,  or  a  gas  or 
kerosene  burner.  If  running 
water  is  not  available,  the 
water  may  be  heated  in  a 
large  boiler  on  a  wood,  gas, 

or  kerosene  stove  located  in     ^    „      .„  „ „ 

some  safe  place  whefe  the  nsk  ^^^  ^^^^  ^^  Wood. 

of  fire  is  reduced  to  a  mini- 
mum.   Outfits  for  heating  water  are  illustrated  in  Figs.  37,  38,  and  39. 
Equal  in  importance  to  the  use  of  plenty  of  hot  wat^ 
Drying  the      is  the  proper  drying  of  all  pails  and  pulsators.     ¥oc 
uten^.       this  purpose  it  is  suggested  that  diying  racks  be 

erected  either  in  the  open  where  the  utensils  may 
be  inverted  and  exposed  to  a  maximum  of  sunlight  and  freeh  air 
with  a  minimum  of  dust,  or  that  the  racks  be  so  arranged  as  to 
expose  their  contents  to  the  heat  of  the  fire  used  in  heating  the 
water. 


NsW  YOBX  AORICUIA*URAL  EXPERIMENT  STATION. 


505 


Since  1915  the  Station  has  directed  the  milk  control 

Quality  of     work  for  the  city  of  Geneva  and  during  that  time 

Geneva  mUk  22|134  cans  of  milk  have  been  ezammed  in  an 

as  affected     estimation  of  the  quality  of  the  milk.^   The  milk  is 

by  machines,  delivered  by  about  sixty-five  dairymen  at  two 

central  receiving  plants  where  it  is  pasteurized  and 
bottled.  Samples  for  bacteriological  analysis  and  sediment  tests  are 
collected  from  the  individual  cans  as  received.    Of  the  total  number 

Cbast  XVm.—  QuAUTT  or  GamrA  Mnx  Supply,  1916-1919. 
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of  cans  received,  5|351  were  known  to  have  been  produced  with  the 
aid  of  milking  machines,  and  16,231  by  hand  milking.    Based  on 

X  Hie  grading  of  thiB  milk  has  been  made  by  direct  microsoopic  examination. 
Hie  t«rm  "emUant"  baa  bean  applied  to  milk  that  would  meet  the  baeterio- 
kigioal  reqnixenMnta  for  a  Qnda  A  raw  miUc  under  both  the  New  York  State  and 
the  New  York  Oiv  Oodea.  Hie  tenna  "exoellent"  and  "good"  have  been  appUed 
to  milk  that  would  aatiafy  the  requirementa  for  paateuriaation  as  Grade  A  milk. 
The  term  "medium"  has  been  applied  to  mUk  not  acceptable  for  Grade  A  pasteurited 
but  wldeh  would  be  accepted  for  Grade  B  paateurlaed.  Milk  not  fit  for  pasteuiiaa- 
tkm  aa  Grade  B  haa  been  termed  "poor." 
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the  bacteriological  content  of  the  samples,  14,608  cans  of  the  hand- 
drawn  milk  were  graded  as  excellent  or  good,  1,396  as  medium,  and 
227  as  poor.  Of  the  machine-drawn  samples,  3,955  cans  graded  as 
excellent  or  good,  1,153  as  medium,  and  243  as  poor.  These  differ- 
ences are  graphically  illustrated  on  a  percentage  basis  in  Chart  XVin. 
It  is  quite  evident  that  the  elimination  of  the  milk  brought  from 
farms  where  milking  machines  were  used  would  have  materially  im- 
proved the  quality  of  the  milk  brought  to  the  city. 

The  amount  of  low  grade  milk  brought  from  farms 

Machine-      using  machines  was  somewhat  less  than  it  otherwise 

drawn  milk    would  have  been  due  to  the  fact  that  pressure  was 

penalized,      brought  to  bear  on  the  men  supplying  this  milk. 

In  one  instance  the  dair3rman  was  forbidden  to  bring 
milk  into  the  city  because  of  his  continued  failure  to  keep  his  machine 
in  a  sanitary  condition,  while  the  premium  paid  for  high-grade  milk 
was  frequently  withheld  from  men  using  milking  machines  owing  to 
the  poor  quality  of  their  milk.  The  hand  milker  will  continue  to  be  a 
severe  competitor  of  the  milking  machine  until  those  who  use  machines 
secure  as  good  quality  milk  as  those  who  practice  hand  milking. 

Experience  has  shown  that  mechanically,  the  miUdng 
The  milking    machine  is  reasonably  successful,  but  from  the  stand- 
'machine  not    point  of  the  control  official  the  manufacturers  have 
yet  sanitary,    not  yet  given  sufficient  attention  to  the  sanitary  con- 
struction of  their  machines.     Features  which  should 
i*eceive  special  consideration  include  the  elimination  of  all  possible 
seams  or  crevices  which  serve  to  gather  dirt,  and  the  construction  of 
leak-proof  valves  at  the  point  which  guards  against  possible  leakage 
into  the  milk  from  the  main  vacuum  Une.    This  line  cannot  be 
cleaned  satisfactorily  with  methods  ordinarily  available,  and  may 
become  foul  with  milky  vapor,  condensation  water,  and  like  material, 
even  a  drop  of  which  produces  a  detectable  contamination  in  a  pail 
of  nulk.    Further  study  could  also  profitably  be  given  to  the  selection 
of  suitable  metal  alloys  for  use  in  teat-cups  and  pulsators  which  would 
not  be  corroded  by  common  washing  compounds  and  sterilizing 
solutions.    It  is  also  considered  desirable  that  a  standard  grade  of 
rubber  be  used  for  tubes  and  inflations  which  would  withstand  the 
action  of  animal  fats  and  hot  water,  and  which  would  have  fairly 
uniform  wearing  qualities. 

Because  of  the  failure  of  some  nearby  dairies  to 

Practical       produce  high-grade  milk  two  farms  were  visited  in 

experience     order  to  make  close  observations  of  the  methods 

with  milking   followed  in  caring  for  the  milking  machines,  and 

machines,      then  to  introduce  such  changes  in  the  operation  and 

cleaning  of  the  machines  as  would  guarantee  the 
continuous  production  of  good  milk.  A  detailed  account  of  the  con- 
ditions foimd  on  the  two  farms  is  given  in  the  complete  bulletin, 
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tcwether  with  a  discussion  of  the  satisfactory  results  obtwied  with 
muking  tuachiDes  on  a  third  farm. 

CoDBiderable  trouble  had  been  experienced  on  this 

Inferior  milk    farm  in  producing  milk  with  a  low  number  of  bac- 

prodnced  on    teria.     Oi  the  175  cans  of   milk  produced  on  the 

Fann  A.       farm  and  examined  prior  to  the  beginning  of  the 

investigation,  94  had  been  graded  as  excellent,  26 

as  good,  38  as  medium,  and  17  as  poor.     When  compared  with  the 

mUk  coming  from  all  farms  regardless  of  the  method  of  production, 

as  shown  in  Chart  XIX,  it  will  be  seen  that  the  milk  from  Farm  A  was 

Cbakt  XIX.—  QuAUTT  or  Milk  fbom  Fawc  A  as  Cohpabsd  with  thm  Quauit  of 
THE  Genikal  Milk  Supply,  Auodbt,  1018  to  Mat,  1919 
£ntin  Supplr.        Hui^nwn.        Mubliw-flnwn.  ^  Fum  A. 


decidedly  below  the  average  in  quality,  and  that  it  was  also  much 
poorer  than  the  averse  machine-drawn  milk. 

The  dairy  bam  (Fig.  40)  on  Farm  A  was  found  to  be 

liaptopex  care  fairly  clean,  lai^e,  light,  and  well  ventilated,  but  the 

given  care  given  the  milking  machines  was  unfiatisfactory. 

machines.      Two  Empire  maXa  had  been  in  use  for  some  time. 

The  tubes  and  cups  were  kept  in  a  twenty-five  gallon 

crock  (Fig.  41)  filled  with  a  saturated  brine  solution  plus  a  stock 

solution  m  chloride  of  lime.    The  solution  was  kept  in  good  condition. 

As  the  tubes  were  placed  in  the  solution,  however,  air  was  imprisoned 

in  them  with  the  result  that  the  solution  did  not  reach  aU  the  surface 

over  which  the  milk  passed,  allowing  bacteria  which  cause  sour  or 
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tainted  milk  to  multiply  and  produce  a  bad  odor  in  the  tubes.  Im- 
mediately after  the  morning  milking  a  pail  of  cold  water  was  drawn 
thru  the  tubes  and  pails,  the  one  {muI  of  water  bang  used  for  both 
double  units  employed.  The  tubes  and  cup  were  then  placed  in  the 
solution  jar  without  further  treatment.  After  breakfast  the  machine 
paUs,  pail  lids,  and  strippings  pails  were  tiJcen  to  the  house  where 
they  were  washed  with  water  that  was  sometimes  nearly  cold  and 
then  placed  outside  to  dry.  Following  the  afternoon  miUdngapail  of 
cold  water  was  drawn  thru  the  machmes  and  was  g^ierally  f oUowed 
by  half  a  pradl  of  fairly  hot  soda  water  and  half  a  pail  of  clear  warm 
water  when  the  cups  and  tubes  were  again  put  into  the  solution, 
and  the  pails  and  Uds  turned  upside  down  on  a  bench  in  the  bam 
until  milldng  time  the  next  morning.  Examination  in  the  morning 
showed  them  still  to  be  wet  and  greasy.  Twice  a  week  the  machines 
were  taken  to  the  house  for  a  thoro  cleaning  when  they  were  taken 
entirely  apart  and  washed. 

Various  modifications  of  the  method  of  caring  for 
Impfoved  the  milking  machines  on  Farm  A  were  tried  out 
methods       during  the  first  few  days  of  the  investigation  in 

lowered  the    order  to  determine  whether  any  one  step  was  essential 
germ  content  to  the  production  of  high-i^rade  milk.    The  first 

corrective  step  taken  was  the  removal  of  the  screw 
cap  at  the  end  of  the  claw  of  the  teat-cups  before  putting  the  cups 
into  the  stenlizing  solution  after  each  milking  in  order  to  allow  the 
air  to  escape  from  the  milk  tubes  and  to  insure  the  free  passage  of 
the  solution  thru  the  tubes.  In  other  respects  the  care  of  the  machines 
and  utensils  remained  as  usual.  The  quafity  of  the  milk  varied 
considerably  under  these  conditions. 

The  next  pnx^ure  was  to  draw  two  pails  of  very  hot  water  thru 
the  milk  tubes  into  the  machine  pails,  thus  thoroly  scalding  both  the 
tubes  and  paUs.  The  results  were  ^tif ying  in  that  the  four  cans 
of  milk  produced  under  these  ccHiditicms  graded  as  excellent. 

The  use  of  a  combined  cooler  and  aerator  served  to  produce  a  good 
quality  of  milk  the  first  time  it  was  used,  but  a  gradual  lowering  in 
quality  accompanied  each  successive  coolmg  by  this  means  probaUv 
due  to  the  cooler  being  inefficiently  cleaned.  In  other  words,  cool- 
ing alone  is  not  sufficient  to  produce  first-class  milk  if  the  utensils 
are  not  clean  as  the  low  temperatiu^  simply  checks  the  growth  (rf 
bacteria  and  does  not  reduce  their  numbers. 

It  was  finally  decided  to  follow  in  detail  the  methods 

Station       so  successfully  used  at  the  Station/  the  treatment 

methods  prove  also  including  the  milk  cans  and  aerator.    All  of 

succesiAiL     the  twenty  cans  of  milk  produced  under  these  con- 
ditions   graded    as    excdlent.    From   tests   made 
during  the  course  of  the  work  it  was  evident  that  the  chief  source  of 

lOraiibr  No.  54  (B«vind),  Milkhig  MaohinM.  1918. 
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trouble  on  Farm  A  at  that  time  was  the  metal  utensils,  and  that 
scalding  and  drying  these  utensils  resulted  in  the  disappearance  of 
excessive  numbers  of  bacteria. 

It  was  noticed  in  the  examination  of  milk  from 

First  cans      dairies  using  milking  machines  that  often  a  higher 

may  contain    number  of  bacteria  was  found  in  the  milk  of  one  out 

more  bacteria  of  a  number  of  cans  containing  milk  from  the  same 

fliAn  later  cans  milking.    The  frequent  recurrence  of  this  fact  led 

of  same       to  the  idea  that  the  can  with  the  large  number  of 

milking.       bacteria  was  probably  the  first  can  filled  and  that 

the  milk  had  been  contaminated  by  the  first  milk 

drawn  thru  the  tubes  and  pails  of  improperly  cleaned  milking 

machines.    In  order  to  verify  this  assumption  a  record  was  kept  of 

the  order  in  which  the  cans  were  filled  for  several  days  at  Farm  A. 

The  first  one  or  two  cans  filled  were  found  to  have  a  hi^er  number  of 

bacteria  ilian  did  the  rest  of  the  cans  of  the  same  milking,  indicating 

that  the  first  milk  from  the  poorly  cleaned  milking  machines  and  other 

utensils  contaminated  the  first  can  or  two. 

During  the  course  of  the  work  at  this  farm  the  dairy- 
Age  of  milk  man  raised  the  question  as  to  why  the  morning  milk 
affects        usually  graded  hi^er  than  the  afternoon  milk  when 
quality.       received  at  the  imlk  plant  despite  the  fact  that  the 
milking  machines  actually  received  less  care  previous 
to  the  morning  milking  than  they  did  for  the  afternoon  milking.  It 
was  pointed  out  that  the  afternoon  milk  was  not  sent  to  the  receiving 
station  imtil  it  was  about  sixteen  hours  old  while  the  morning  milk 
was  received  and  graded  when  only  about  four  hours  old.    The 
difference  in  time  miade  a  marked  difference  in  the  number  of  bacteria 
as  the  milk  was  not  held  at  a  temperature  low  enough  to  prevent  the 
growUi  of  bacteria.    Samples  of  morning  milk  were  held  for  sixteen 
hours  and  the  grade  determined  at  the  end  of  that  time,  while  samples 
of  evening  milk  were  graded  when  four  hours  old.    When  compared 
with  evening  milk  of  the  same  age,  the  morning  milk  was  found  to 
be  of  inferior  quality. 

Witii   the  introduction  of  improved  methods  of 

Quality  of     caring  for  the  milking  machines  and  utensils,  and 

FaxmAmilk  so  long  as  the  dairjr  remained  under  observation, 

improved,      all  the  milk  sent  to  Ueneva  was  found  to  have  a  low 

germ  content.  Dining  the  next  seven  months 
(June  to  December)  after  the  visit  was  made  the  quality  of  the  milk 
from  Farm  A,  while  still  variable,  was  better  than  that  of  the  milk 
received  previous  to  the  visit. 

It  was  concluded  that  the  fluctuations  in  the  quality  of  the  milk 
produced  on  this  farm  were  due  to  the  failure  on  the  part  of  the 
dairyman  to  attend  to  all  of  the  essential  details  of  the  cleaning 
process. 
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Since  the  milk  from  Farm  B  began  coming  into 

FarmB        Geneva  in  November,  1918,  113  cans  had  been  ei- 

ipillr  also  low   amined  up  to  June  1,  1919,  and  of  this  number  45 

grade.  graded  as  excellent,  18  as  good,  37  as  medium,  and 

13  ae  poor,     Aa  illustrated  in  Chart  XX  these  pe^ 

oentages  compare  very  unfavorably  with  the  average  quality  of  the 

entire  millr  supply  during  the  same  time,  or  even  with  the  average 


Cham  XX,— 


quality  of  all  the  machine-drawn  milk,  while  the  hand-drawn  milk 
was  decidedly  superior. 

An  eight-day  visit  was  made  to  Farm  B  in  order  to 

Many  sources  study  the  conditions  prevailing  there,  and  while  a 

of  trouble      general  inspection  of  the  dairy  barn  and  equipment 

found.         ^owed  them  to  be  of  standard  construction  (Fig.43), 

they  were  poorly  kept.    Manure  had  been  allowed  to 

accumulate  on  the  cement  platform  behind  the  stanchions  making  it 

difficult  to  keep  the  milker  pails  and  other  utensils  clean.   While  there 

was  a  good  supply  of  running  water  (temperature  62°  F.)  in  the  bam 

and  milk  room,  no  provision  was  made  for  hot  water  except  that  it 

could  ^ways  be  obtained  at  the  house  nearby.    A  large  concrete  vat  in 

the  milk  room  was  filled  with  water  at  each  milking,  and  the  cans  set 

in  it  up  to  their  necks.    Later  a  drain  was  provid^  so  that  a  stream 
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of  water  was  constantly  supplied.  The  cows  were  kept  fairly  clean, 
but  little  attention  was  paid  to  the  condition  of  the  udders  when  the 
teat-cups  were  put  on  and  they  were  often  dirty.  TTie  sterilizing 
solution  used  for  the  teat-cups  and  tubes  was  kept  in  a  twenty-five 
gallon  crock  (Fig.  42),  and  altho  it  was  mechanically  clean,  the  solu- 
tion contained  no  hypochlorite  and  insufficient  salt,  so  that  it  was  not 
effective  as  a  sterilizer. 

The  vacuum  pipe  line  contained  a  few  drops  of  moisture  after 
each  milking,  and  a  milky  spray  drained  out  of  the  vacuiun  tank  trap 
and  the  compressed  air  tank  when  the  stop  cocks  were  opened  after 
milking.  Three  units  of  a  Sharpies  machine  had  been  used  on  this 
farm  for  some  time.  Altho  the  dairyman  had  supposedly  cleaned 
the  milking  machines  the  day  before  the  investigation  started,  a 
casual  examination  showed  them  to  be  dirty.  It  was  found  that  the 
nipples  were  practicaDy  never  removed  from  the  bottom  of  tihe  teat- 
cups  and  that  the  short  milk  tubes  were  scarcely  ever  taken  off  the 
cups,  the  cups  and  tubes  simply  being  put  in  warm  water,  a  brush 
run  thru  them  a  few  times,  and  then  rinsed  in  hot  water.  A  coating 
of  fat  and  dried  milk  was  left  on  the  inflations  and  in  the  tubes, 
worn  inflations  .were  not  removed  promptly,  and  much  dried  milk 
was  found  on  the  strainers  in  the  check  valve  chamber,  on  the  valve 
seats,  and  on  the  valves  themselves.  After  the  morning  milking 
the  machine  pails  and  large  milk  cans  were  rinsed  out  wiih  about  a 
kettlef ul  of  hot  water  and  turned  upside  down  to  dry,  while  at  night 
the  pails  and  tubes  were  simply  rinsed  out  by  sucking  a  pajl  of  cold 
water  thru  them.  When  the  tubes  were  placed  in  the  sterilizing 
solution  the  caps  were  left  on  the  milk  claws,  thus  imprisoning  air  in 
the  tubes  and  preventing  the  solution  from  acting  upon  all  the  inside 
surface  of  the  tubes. 

Previous  to  the  third  milking  after  the  investigation 

Proper        began  the  teat-cups  were  completely  taken  apart 

cleaning       and  all  the  metal  and  rubber  parts  of  the  machines 

improved  the  were  thoroly  cleaned  with  hot  alkali  water  and  rinsed 

quality  of      with   clear  hot   water,   while   the   machine   pails, 

the  r3^3k.       strippings  pails,  and  large  milk  cans  were  scalded 

and  dried.  The  rubber  parts  were  also  soaked  for 
about  an  hour  in  a  strong  hypochlorite  solution.  After  the  evening 
milking  the  tubes  and  pails  were  wifehed  by  drawing  thru  them,  suc- 
cessively, a  pail  of  cold  water,  a  pail  of  hot  soda  water,  and  a  pail  of 
clear  hot  water,  while  the  cups  and  tubes  (with  the  screw  caps  re- 
moved) were  placed  in  a  brine  solution  to  which  had  been  added  a 
stock  solution  of  hypochlorite.  Excellent  results  were  secured  under 
these  conditions  until  the  third  milking  when  one  can  of  milk  graded 
as  excellent  and  two  cans  as  good 
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Altho  the  usual  precautions  had  been  taken  previous 
MOk  in-       to  this  third  milking  and  an  aerator  had  beeai  added 
soficientiy     to  the  equipment  already  in  use,  it  was  found  that 
cooled.        the  running  water  did  not  cool  the  milk  below  64^ 
F.,  so  that  in  the  case  of  the  evening  nulk,  wbidi 
stood  for  about  sixteen  hours  before  delivery,  any  organisms  present 
in  the  milk  had  ample  opportunity  to  multiply.    At  the  next  milk- 
ing a  change  in  the  water  supply  was  made  which  resulted  in  oooling 
the  milk  below  60^  F.,  and  from  that  time  to  the  end  of  the  investi- 
gation all  the  milk  graded  as  excellent. 

The  final  results  diow  that  the  trouble  at  this  farm  was  caused  by 
failure  to  clean  the  machine  properly  combined  with  inadequate 
facilities  for  cooling. 

In   contrast  to  the  farms  described   above,    the 
Good  milk     history  of  Farm  C  is  briefly  reviewed  as  the  dairyman 
produced  on    had  adapted  the  Station  methods  for  cleaning  milk- 
Farm  C.       ing  machines  to  his  own  conditions  so  successfully 
that  he  had  maintained  an  ahnost  perfect  record  for 
producing  milk  with  a  low  germ  content.    This  record  also  corres- 
ponded with  the  high  record    maintained  by  Farmer  C  when  he 
mactised  hand  milkmg.    The  dairy  bam,  altho  not  strictly  modem 
(Fig.  44),  was  kept  reasonably  dean  and  had  a  plentiful  supply  of  li^ 
and  air.    Since  the  cows  frequently  came  thru  a  muddy  jraand  to  get  to 
the  bam,  their  udders  were  carefully  washed  with  warm  water. 

A  double  unit  Empire  machine  was  used  on  this  farm  and  of  the 
274  cans  of  milk  examined;  266  graded  as  excellent  or  good,  7  as 
mediiun,  and  one  as  poor.  All  ut^osils  were  thoroly  scalded  after 
each  milking  and  everything  that  in  any  wav  came  in  contact  with 
the  milk  was  kept  scrupulously  clean,  but  the  cups  and  tubes  were 
never  taken  apart  for  a  thoro  overhauling  oftener  than  once  a  week. 
The  cups  and  tubes  were  kept  in  a  strong  chloride  of  lime  solution 
(Fig.  45)  except  in  the  winter  when  brine  was  added  to  keep  the 
solution  from  freezing. 

During  the  summer  of  1919  trouble  was  experienced  in  maintAimng 
the  excellent  record  made  up  to  that  time,  and  a  microscopic  examina- 
tion of  the  mUk  showed  that  a  yeast  was  commonly  present.  The 
dairyman  was  instructed  to  add  brine  to  the  sterilizing  solution  and 
since  then  his  milk  has  graded  as  excellent  or  good,  32  cans  excellent 
and  2  good. 

The  important  factors  which    contribute   to  the 
Reasons  for    excellent  record  made  on  Farm  C  are  as  follows: 
Fanner  C's     (1)  All  the  utensils  with  which  the  milk  comes  in 
success.       contact  are  kept  very  dean,  and  as  a  rule,  the  dairy- 
man and  his  wife  care  for  the  dairy  themselves,  not 
leaving  it  to  incompetent  or  indifferent  hired  help.     (2)  The  sterilis- 
ing sobition  is  sJways  sweet  and  clean,  and  in  this  connection  it  is 
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Eointed  out  that  it  does  not  matter  so  much  where  the  solution  is 
ept  as  how  it  is  kept.  On  Farm  C  the  solution  crock  is  kept  in  the 
dairy  bam  (Fig.  44).  (3)  The  cows  are  always  kept  dean.  (4) 
The  dair3rman  himself  is  clean.  (5)  The  bam  is  kept  m  good  condi- 
tion. (6)  The  milk  is  adequately  cooled.  Taken  together  these 
factors  have  resulted  in  the  establishment  of  an  excellent  record  which 
is  proof  that,  with  proper  care,  and  attention,  milk  of  good  quaUty 
can  be  produced  with  a  milking  machine  imder  practical  farm  condi- 
tions. 

The  chief  conclusions  to  be  drawn  from  the  observa- 
Conclusions.  tions  made  on  the  three  farms  are  as  foUows: 

(1).  The  methods  of  cleaning  are  more  important 
than  the  type  of  milking  machine  in  determining  the  germ  content  of 
the  milk. 

(2).  The  essential  requirements  for  the  successful  care  of  the 
milking  machine  are  plenty  of  hot  water,  a  good  washing  compound, 
a  rack  for  dr3ring  the  utensUs,  a  good  stenHzing  solution  in  a  large 
crock,  and  a  willingness  to  use  care  twice  a  day  for  365  days  in  the 
year. 

(3).  The  neglect  of  any  one  of  several  important  details  in  the 
cleaning  process  may  make  the  difference  between  success  and  failure, 
while  if  attention  is  given  to  the  details  of  the  cleaning  process,  no 
trouble  will  be  experienced  from  the  contamination  of  the  milk  by 
the  milking  machine. 

17 


SOME  OBSERVATIONS  ON  SOIL  FERTILITY  AND 

CROP  PRODUCTION* 

J.  D.  LUCKETT 

For  several  years  this  Station  has  been  carrying  on 

Object  and     studies  both  under  greenhouse  conditions  and  in  the 

scope  of       field  in  an  effort  to  ascertain  the  relative  importance 

experiment    with  regard  to  crop  production  of  various  factors 

affecting  soil  fertility. 
The  greenhouse  work  included  observations  on  the  following 
points: 

1.  The  unlike  feeding  capacity  of  different  crops. 

2.  The  influence  of  fineness  of  division  upon  the  availability  of 
groimd  rock  phosphate  (floats).  ^ 

3.  The  fertilizing  value  of  an  iron  ore  waste. 

4.  The  minimum  amounts  of  available  phosphoric  acid  and  fK>tash 
required  by  different  crops  to  insure  maximiun  growth. 

5.  The  influence  of  fertilizers  upon  the  productiveness  of  several 
types  of  soil. 

6.  The  influence  of  fertilizers  and  of  plant  growth  upon  the  soluble 
materials  of  different  soils. 

The  field  work  embraced  observations  on  the  relative  value  of 
commercial  fertilizers  and  manuris  upon  com,  oats,  wheat,  and 
timothy  or  clover  grown  in  a  four-year  rotation.  The  expenment 
extended  thru  four  rotations.  The  points  concerning  which,  more 
or  less  definite  conclusions  were  drawn  are  as  follows: 

1.  The  relative  production  of  crops  with  farm  manure,  complete 
commercial  fertilizer,  and  acid  phosphate  supplemented  with  sodium 
nitrate. 


*  Reprint  of  Popular  Bulletin  No.  473,  Mazeh,  1920.    The  Complete  Bulletin  is 
printed  on  p.  27.    Thia  is  a  brief  review  of  Bulletins  Nos.  358,  300,  424, 405,  and  473. 
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2.  A  0(»npari8on  of  f aim  manure  and  complete  oommerdal  fertilizer. 

3.  Clover  as  a  factor  in  fertility. 

4.  The  relative  profitableness  of  the  different  methods  of  treatment. 
Laboratory  studies  were  also  made  to  determine  the  value  of 

chemical  soil  analysis  as  a  means  of  measuring  fertility. 

In  Bulletin  No.  358  experiments  are  described  in 
Comparison  which  boxes  of  rather  poor  sandy  soil  were  treated 
of  different  in  the  greenhouse  with  equal  amounts  of  available 
phoqdiates.    forms  of  necessary  plant  food  constituents  other  than 

phosphoric  acid.  The  latter  was  then  supplied  either 
as  acid  phosphate,  finelv  ground  Florida  rock  phosphatei  Thomas 
slag,  dehydrated  Redonda  phosphate,  or  bone-meal,  the  assumption 
bding  that  since  the  form  of  phosphoric  acid  was  the  only  variable 
factor,  any  differences  in  crop  production  from  the  several  sets  of 
boxes  might  reasonably  be  attributed  to  the  comparative  availability 
of  the  phosphatic  materials.  Altogether  the  growth  with  the  different 
phosphates  has  been  recorded  for  three  crops  of  vetch,  cabbage,  and 
rape;  for  two  crops  of  oats,  barley,  and  tomatoes;  and  for  one  crop 
each  of  rye,  beans,  millet,  clover,  and  peas. 

The  striking  and  important  fact  brought  out  by  the 

Different      experiments  was  the  imlike  capacity  of  different  kinds 

plants  have    of  plants  to  utilize  a  given  source  of  plant  food,  or, 

unlike  feeding  in  other  words,  the  unlike  adaptability  of  a  piven 

capacities,     soil  environment  to  the  needs  of  different  species  of 

plants.  The  results  secured  showed  beyond  doubt 
that  under  the  conditions  of  the  experiment  the  availability  of  a 
phosphate  is  quite  as  much  a  matter  of  the  kind  of  crop  as  of  the  form 
of  phosphate  employed.  Barley,  millet,  and  oats  made  excellent 
growth  wil^  acid  phosphate,  while  they  acquired  insignificant  amounts 
of  phosphoric  acid  and  made  little  growth  with  rock  phosphate.  On 
the  other  hand,  cabbage  and  rape  in  some  cases  produced  as  much 
dry  substance  with  rock  phosphate  as  with  acid  phosphate,  and  in  no 
instance  was  the  amount  much  less  than  three-fourths  as  large.  These 
plants  also  absorbed  phosphoric  a^cid  from  rock  phosphate  in  fairly 
large  amounts,  altho  not  as  much  in  proportion  to  the  growth  of  dry 
substance  as  from  acid  phosphate. 

Thomas  slag  and  Bedonda  phosphate  seemed  to  be  quite  available 
to  all  the  crops  altho,  with  one  exception,  the  growth  was  less  for  all 
crops  and  in  all  the  experiments  than  that  with  acid  phosphate. 

Whether  plants  possess,  with  different  degrees  of 

Roots  react    intensity,  what  ma^  be  called  "feeding  power,"  or 

differenfly     whether  it  is  a  question  of  securing  for  each  species  a 

upon  sofl      ''S3anpathetic"    soil    environment,  is    regarded    as 

compounds,    fundamental  to  a  reasonable  understanding  of  plant 

nutrition.    Since  it  is  quite  evident  ihaX  plants 
possess  more  or  less  selective  powers  in  taking  up  available  food 
~  with  which  the  roots  come  in  contact,  it  is  thought  possible 
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that  there  may  be  differences  in  their  reaction  upon  a  given  oompoond 
in  preparing  for  its  absorption.  This  leads  to  the  conclusion  that  the 
roots  of  the  various  species  of  plants  do  not  react  alike  upon  soil 
compounds,  altho  this  should  not  be  regarded  as  condemning  the  use 
of  insoluble  phosphates  under  all  conditions. 

Another  series  of  box  experiments  were  carried  on  in 
Fineness  of  which  all  the  necessaiy  forms  of  plant  food  were 
division  affects  supplied,  except  to  the  checks,  the  phosphoric  acid 
availability  being  provided  either  as  acid  phosphate,  Florida 
of  raw  rock  raw  rock  phosphate,  or  bone-meal.  The  rock  phos- 
phosphate.     phate  varied  in  fineness  from  material  that  would 

pass  thru  a  sieve  with  sixty  meshes  to  the  inch  to  so- 
called  floats.  The  bone-meal  also  varied  in  fineness  of  division  from 
that  which  passed  thru  a  60-mesh  sieve  to  "fine"  material.  The 
crops  tested  included  barley,  peas,  and  rape. 

The  results  secured  with  raw  rock  phosphate  showed  that  the 
availability  of  the  material  was  influenced  by  the  fineness  of  division, 
the  amoimt  of  P2O6  taken  up  by  all  three  crops  increasing  quite 
uniformly  with  the  degree  of  fineness.  In  the  case  of  the  bone-meal 
the  availability  was  little  affected  by  a  fine  division  of  the  material. 
The  use  of  finely  ground  raw  rock  phosphate  or  bone-meal  had  little 
influence  upon  the  growth  of  dry  substance  hi  the  different  crops, 
the  plants  seeming  to  secure  sufficient  phosphoric  acid  from  even  the 
coarsest  materials  to  meet  the  needs  for  maximum  growth  under  the 
conditions  of  the  experiment.  The  amount  of  phosphoric  acid 
assimilated  from  the  acid  phosphate  was  markedly  greater  than  that 
taken  up  from  the  raw  rock  phosphate  even  tho  the  production  of  dry 
substance  was  little,  if  any,  larger. 

A  by-product,  knowu  as  iron  ore  waste  and  supposecl 

Iron  ore  waste  to  contain  a  considerable  amoimt  of  phosphoric 

of  little        acid,  was  compared  with  other  phosphatic  materials 

fertilizing      in  box  experiments  with  barley.    The  results  diowed 

value.         that  the  phosphoric  acid  in  the  by-product  had  little 

availability.    Chemical  tests  also  demonstrated  that 

the  waste  material  contained  relatively  little  available  phosphoric 

acid  when  compared  with  the  other  phosphorus  carriers  used. 

A  question  frequently  asked  by  farmers  is  how  much 

The  food      nitrogen,  phosphoric  acid,  or  potash  is  removed  from 

requirements  the  soil  by  a  particular  crop,  the  impression  being 

of  plants,      that  a  plant  utilizes  during  growth  only  what  it 

actually  requires  for  its  best  development,  and  that  a 
knowledge  of  the  composition  of  the  plant  will  indicate  what  should  be 
supplied  either  in  the  soil  or  in  a  fertilizer.  Experiments  described 
in  Bulletin  No.  360,  conducted  with  barley,  peas,  tomatoes,  tobacco, 
buckwheat,  rape,  and  turnips  in  the  Station  greenhouse  during  three 
seasons  show  that  such  an  assumption  is  hardly  justified. 
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Boxes  were  prepared  in  which  all  the  needed  plant 

Effect  of       food  elements  were  supplied  in  abundance  except 

varying  the     phosphoric  acid  which  was  added  in  increasing  quan- 

amotint  of     tities  to  the  several  boxes.    In  a  second  lot  of  boxes 

PsOsandKaO.  all  the  necessary  ingredients  were  provided  except 

potash  which  was  abo  added  in  progressive  quanti- 
ties.  An  artificial  ''soil''  was  used  which  was  much  less  complex 
than  natural  soil,  and  the  temperature  and  the  water  supply  so  regu- 
lated as  to  meet  the  need  of  the  plants  as  far  as  possible.  The  growth 
of  the  plants  was  as  satisfactory,  in  most  cases,  as  would  have  been  the 
case  under  field  conditions,  whUe  the  production  of  dry  substance  in 
the  barley  during  two  of  the  three  seasons  was  beyond  what  could  be 
expected  in  a  farm  crop. 

The  results  secured  were  strikingly  uniform  and  clearly  demon- 
strated that  under  the  conditions  of  the  experiment  no  fixed  relation 
was  maintained  between  the  production  of  dry  substance  in  the  crop 
and  the  amounts  of  phosphorus  and  potassium  utilized.  By  con- 
tinuing the  experiments  thru  several  seasons  it  was  hoped  that  some 
quite  definite  relation  might  be  found  between  the  phosphorus  and 
potassium  requirements  of  the  different  crops  and  the  dry  substance 
produced.  However,  the  data  obtained  do  not  permit  the  establish- 
ment of  such  a  relation,  altho  it  is  thought  possible  that  other  factors 
may  have  obscured  the  limitations  of  the  plant  food  supply. 

Up  to  a  rather  indefinite  point  in  the  development  of 
Plants  may  use  the  various  crops  studied,  the  production  of  dry 
more  PaOs     substance  in  the  plant  increased,  in  most  cases,  with 
and  KsO  than  an  increase  in  the  supply  of  either  phosphoric  acid 
they  need,     or  potash.    Beyond  this  point,  however,  the  utiliza- 
tion of  both  phosphorus  and  potassium  increased 
without  any  consistent  or  well  defined  corresponding  increase  in 
plant  dry  substance.    In  fact,  in  practically  all  cases  there  was  a  quite 
regular  increase  in  the  proportion  of  phosphorus  and  potassium  in  the 
plants  of  the  several  crops  studied  which  corresponded  to  the  supply 
of  these  ingredients  in  the  soiL 

The  results  secured  strongly  emphasize  the  fact  that 

Crop  the  amounts  of  soil  compounds  used  by  farm  crops 

analyses       are  materially  influenced  by   chemical  conditions 

misleading,    surroimding  the  roots.    In  view  of  this  fact  it  is  not 

necessarily  true  that  what  a  given  crop  may  contain 
of  certain  elements  is  to  be  regarded  as  a  measure  of  what  must  be 
supplied  to  meet  the  needs  of  that  crop  for  maximum  growth  under 
existing  conditions.  Fertilizer  formulse  based  on  crop  analyses  are, 
therefore,  only  approximations  of  the  real  needs  of  the  crop,  and  it 
seems  more  than  probable  that,  in  field  practice,  a  liberal  supply  of 
readily  available  plant  food  materials  increases  the  amounts  of  these 
matenals  utilized  by  the  crop  out  of  proportion  to  the  production  of 
dry  substance. 
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In  Bulletin  No.  473  greenhouse  e3q)eriment8  con- 
ducted during  two  seasons  are  described  in  which 
studies  with   muck,  leaf  mold,  stable  manurei  and  complete  corn- 
different  soils,  mercial  fertilixers  were  applied  in  varying  amounts  to 

nine  soils  taken  from  different  localities  in  the  State, 
each  soil  receiving  the  same  treatment.  In  addition  commercial 
fertilizers  were  applied  alone  and  in  different  combinations,  and  in 
unlike  quantities  to  two  soils,  one  a  fertile  soil  from  the  Station  farm, 
and  the  other  a  poor  soil  from  the  Pine  Plains  r^on.  The  boxes 
were  seeded  to  barley  which  was  allowed  to  mature,  the  growth  being 
very  satisfactory. 

The  use  of  muck  or  leaf  mold  alone  had  very  little 

Commercial    influence  on  the  growth  of  the  barley  plant  on  the 

fertilizers  more  nine  soils.    In  the  case  of  stable  manure  the  produo- 

effective  than    tion  of  barley  dry  substance  was  much  less  than  that 

peat  or  manure,  secured  with  commerciid  fertilizers  carrying  the  same 

amounts  of  nitrogen,  phosphoric  acid,  and  potash. 
Without  exception  the  growth  of  the  barlev  plant  increased  with  an 
increase  in  the  amount  of  fertilizer  apphed,  altho  not  in  proportion 
to  the  amount  used.  The  increase  m  production  accompanying  a 
doubling  of  the  amount  of  fertilizer  apphed  was  greater  than  that 
following  any  further  increase  of  fertilizer.  Lime  tued  in  connection 
with  manure  had  a  very  irregular  effect  on  the  yield,  a  marked 
increase  following  its  use  on  four  of  tibe  soils,  a  manifest  advantage 
from  its  use  on  three  soils,  and  an  apparent  injury  on  two  soils. 

Where  commercial  fertilizers  were  appUed  alone  and 

Nitrogen       in  different  combinations,  nitrate  of  soda  exerted  the 

gives  the      greatest  influence.    Neither   phosphoric   acid   nor 

best  results,   pota^  when  used  alone  had  any  marked  effect  on 

crop  yield.  The  combination  of  nitrogen  and 
phosphoric  acid  resulted  in  a  somewhat  larger  growth  of  barley  than 
nitrogen  alone,  altho  the  increase  from  the  aadition  of  the  phosphorus 
was  rather  insig^cant  when  compared  with  that  following  the 
appUcation  of  nitrogen  alone.  The  combination  of  nitrc^en  and 
potash  gave  practically  the  same  production  of  dry  subs^mce  as 
nitrogen  alone,  while  a  combination  of  nitrogen  with  both  phosphoric 
acid  and  potash  gave  about  the  same  yield  as  nitrogen  and  phofr> 
phoric  acid  together.  Either  alone  or  in  combination  potash  seemed 
to  have  Uttle  influence  on  the  growth  of  the  barley  plant  on  the  two 
soils  used  in  the  experiment. 

It  has  often  been  observed  that  v^tation  experi- 

Greenhouse    ments  with  soils  in  the  greenhouse  give  results  quite 

conditions     different  from  those  obtained  with  the  same  soils 

different  from  under  field  conditions.    In  these  experiments  the 

field  conditions.  Pine  Plains  soil,  which  is  properly  regarded  as  an 

inferior  type  for  general  cropping,  produced  twice  as 
much  dry  substance  on  the  boxes  receiving  no  fertiUzer  as  did  the 
fertile  Station  soil,  while  the  appUcation  of  f ertiUzers  caused  as  large 
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production  on  the  Pine  Plains  soil  as  on  the  Station  soil.  Moreover, 
the  application  of  nitrogen  alone  gave  a  marked  increase  of  crop  on 
both  soils,  a  result  which  would  hardly  be  secured  on  these  soils  under 
ordinary  field  culture.  The  explanation  of  these  differences  is  diffi- 
cult, but  it  may  be  suggested  that  the  constant  warmth  and  abundant 
moisture  to  which  the  greenhouse  soil  was  subjected  would  favor  the 
process  of  solution  and  thus  make  possible  the  maximum  use  of  the 
soil  ingredients.  In  addition  to  these  favorable  conditions  of  growth, 
the  plants  were  protected  from  insect  and  fimgus  pests,  and  were 
thus  enabled  to  exert  their  maximum  vigor  in  securing  materials  for 
growth. 

Whatever  may  be  the  explanation  it  is  obvious  that  so  far  as  the 
farmer  is  able  to  duplicate  greenhouse  conditions  in  the  field,  just  so 
far  is  he  promoting  luxuriant  plant  growth.  Furthermore,  the  data 
secured  in  these  experiments  are  suggestive  as  to  the  use  of  fertilizers 
in  forcing  plants  under  glass. 

Past  studies  have  shown  that  when  nitrates  and 

Fertilizers  and  soluble  compounds  of  phosphorus  and  potassium  are 

plant  growth   mixed  with  the  soil,  the  nitrogen  remains  in  a  soluble 

affect  soil      condition,  the  phosphorus  almost  wholly  enters  into 

solutions,      water  insoluble  forms,  and  the  potassium  undergoes 

changes  which  render  it  available  only  thru  continued 
leaching.  The  vegetation  experiments  with  the  nine  soils  mentioned 
above  offered  an  opportunity  to  study  the  effect  of  the  addition  of 
fertilizers  upon  the  soluble  material  of  the  soil.  Therefore,  after  the 
second  crop  of  barley  was  harvested  soil  samples  were  taken  and  the 
amounts  of  nitrogen,  phosphorus,  and  potassium  brought  into  solution 
were  determined. 

In  order  to  secure  data  on  the  persistence  of  the  soluble  compounds 
in  the  soil  following  the  appUcation  of  fertilizers,  and,  also,  to  compare 
tiie  proportion  of  soluble  material  in  soil  on  which  no  crop  had  been 
grown  with  that  from  the  soil  on  which  two  crops  of  barley  were  grown, 
fertilizers  were  applied  to  boxes  containing  the  nine  soils  but  no  crop 
was  grown  on  the  boxes.  One  box  of  each  soil  was  neither  fertilized 
nor  cropped.  Soil  samples  were  selected  from  these  boxes  on  seven 
different  dates  and  a  determination  made  of  the  water  soluble  material. 

A  more  detailed  study  of  the  effect  of  fertilizers  and 

Studies       of  plant  growth  on  soil  solubles  was  made  with  soil 

wiSi  one      from  the  Station  farm.    Sets  of  boxes  were  treated 

8oiL  with  varying  amounts  of  a  complete  fertilizer  and 

certain  of  the  boxes  seeded  to  barley.  The  boxes 
that  were  not  seeded  were  kept  free  of  weeds  and  were  subjected  to 
the  same  moisture  conditions  as  those  in  which  barley  was  growing. 
One  set  of  boxes  was  not  fertilized,  part  of  the  boxes  being  cropp^ 
and  part  uncropped.  The  barley  was  harvested  at  four  different 
periods,  and  at  tne  same  time  samples  of  soil  were  taken  from  the 
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cropped  boxes  and  also  from  the  unoropped  boxee  and  determinations 
made  of  the  water  soluble  material. 

As  was  to  have  been  expected  from  results  secured 

Fertilizers     in  other  investigations,  the  addition  of  soluble  fer- 

increase  the    tiUzer  compoimds  to  the  various  soils  materially 

proportion  of   increased  the  proportion  of  soluble  matter  in  the 

soil  solubles,   soils,  the  increase  being  least  with  phosphorus  and 

greatest  with  nitrogen.  In  general,  the  increased 
solubilities  persisted  without  material  change  in  the  uncropped  boxes, 
altho  the  results  were  not  entirely  uniform. 

The  conditions  under  which  these  observations  were  made  were 
not  similar  to  what  might  exist  in  the  field,  especially  at  a  time  of 
considerable  rainfall.  The  fertilizers  were  mixed  with  thirty  pounds 
of  soil  having  a  depth  of  about  six  inches,  while  in  ordinary  culti- 
vation the  incorporation  of  fertilizers  in  the  soil  probably  does  not 
reach  this  depth.  In  case  of  rains,  however,  there  would  be  move- 
ments of  water  in  the  soil  carrying  the  soluble  compounds  to  lower 
levels  which  might  materially  diminish  the  proportion  of  solubles, 
especially  with  the  phosphorous  and  potassium.  Without  rain,  the 
field  conditions  might  not  be  greatly  different  from  those  existing  in 
the  greenhouse. 

The  effect  of  the  growth  of  crops  upon  the  soluble 

Crop  growth    material  of  the  soil  was  found  to  be  quite  marked. 

affects  soil     The  data  secured  from  the  nine  soils  mentioned 

solubles.       above  not  only  gave  evidence  of  the  large  increase  in 

solubles,  due  to  the  application  of  fertilizers,  but 
also  show  a  great  reduction  in  the  water  soluble  compounds  when 
two  crops  of  barley  were  grown  to  maturity.  In  the  case  of  the 
Station  soil  where  the  barley,  which  was  seeded  on  January  24,  was 
harvested  at  different  stages  of  maturity,  the  amount  of  dry  substance 
in  the  crop  harvested  March  18  varied  from  15.4  to  18.8  grams  per 
box,  but  notwithstanding  this  small  growth  a  large  proportion  of  the 
water  soluble  nitrogen  and  potassium  had  been  utilized  by  the  plants. 
On  April  15,  when  the  growth  had  increased  considerably,  a  atill 
further  decrease  in  soil  solubles  had  taken  place.  On  May  10  with 
a  much  increased  production  of  dry  substance,  and  also  on  June  1, 
when  the  mature  crop  was  harvested,  the  solubility  of  the  soil  ingre- 
dients remained  practically  unchanged. 

The  striking  facts  in  this  connection  are  that  the  plants  utilize  the 
soluble  materials,  and  that  the  reduction  of  these  materials  in  the 
soil  was  quite  rapid  even  before  the  plants  attained  any  considerable 
growth.  In  the  later  stages  of  plant  growth  the  soil  solubles  appeared 
to  be  maintained  somewhat  on  a  level  which  was  not  greatly-  different, 
with  the  exception  of  the  phosphorus,  from  the  level  mamtained  in 
the  boxes  receiving  no  fertilizer.  This  agrees  with  fonner  conclusions 
that  there  is  a  proportion  of  water  soluble  materials  maintained  in 
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the  soil  at  a  nearly  oomtant  level,  irreBpective  of  ihe  growth  of 
vegetation  sustamed  by  the  ckmI. 

The  data  secured  in  these  studies  appear  to  have  a 

bunediately   si^iificant  bearing  on  the  importance  of  the  solu- 

available      bflity  of  the  essential  ingredients    of   fertilizers, 

plant  food     especially  in  the  production  of  quickly  growing  crops. 

essential.      Hants  accumulate  a  large  proportion  of  the  needed 

nitrogen  and  ash  constituents  during  their  early 
stages  of  growth.  In  greenhouse  cultiu'e  and  vegetable  gardening, 
and  for  the  production  cS  such  crops  as  cabbages,  potatoes,  and  wheat, 
an  adequate  supply  of  immediately  available  food  would  seem  to  be 
essential  to  successful  cropping. 

The  problem  of  crop  production  is  extremely  com- 
Field         plicated,   many   factors,   physical,    chemical,   and 
experiments    biological,  being  closely  related  to  boU  fertility. 
of  limited      Because  of  the  complex  nature  of  the  soil,  progress 
value.         in  the  solution  of  soil  problems  has  been  slow  and 
imsatisfactory.    Laboratory  investigations  and  ob- 
servations upon  the  growing  plant  both  in  the  greenhouse  and  in  the 
field  have  contributed  to  our  present  knowledge  of  soU  conditions. 
Laboratory  and  greenhouse  mvestigations  while  of  considerable 
importance  in  establishing  fundamental  truths  do  not  form  an  ade- 
quate basis  for  recommendations  for  field  practice.    These  limitations 
of  i)erfectly  controlled  observations  mi^t  lead  one  to  expect  con- 
clusive evidence  from  field  tests  if  it  were  not  for  the  fact  that  it  has 
not  been  possible,  in  most  cases,  to  determine  either  the  absolute  or 
relative  influence  of  the  various  factors  affecting  plant  growth  in  the 
field. 

The  results  of  field  experim^its  are  determined  by  local  conditions 
which  may  or  may  not  be  similar  to  the  conditions  of  any  other  farm 
or  region.  A  vast  niunber  of  field  experiments  with  f ertiUzers  have 
been  recorded  in  this  country  and  elsewhere,  but  all  the  accumulated 
evidence  has  established  only  a  few  general  principles  which  might 
serve  as  a  safe  guide  to  the  individual  farmer  in  regulating  his  practice. 
In  other  words,  the  maintenance  of  soil  fertility  is  a  local  problem. 

Field  experiments  with  various  crops  grown  in  a 
Plan  of       four-year  rotation  and  receiving  different  fertilizer 
field  and  maniuial  treatments  were  b^un  at  this  Station 

experiments,   in  1896^  ^^^  the  results,  which  are  more  fully  re- 
corded m  Bulletin  No.  465,  have  a  bearing  on  the 
subject  under  discussion.    The  plan  of  the  experiment  is  shown  in 
the  following  diagram. 

The  area  of  the  field  selected  for  this  work  was  twelve  acres  and  was 
divided  into  eight  plats  with  four  feet  between  plats.  The  actual 
dimensions  of  the  plats  were  4  x  60  rods.  The  crops  grown  in  the 
rotation  were,  in  tne  order  named,  com,  oats,  wheat,  and  clover  or 
timothy  as  indicated  in  the  diagnuxL    The  data  cover  the  results 
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secured  during  four  rotatioiis.  All  the  manure  and  f ertflixer  ap^di- 
cations  were  made  on  the  com  and  wheat,  nothing  being  added  to  the 
oats  and  grass.  The  yield  of  the  plats  was  measured  in  two  ways, 
first  by  the  weights  of  the  crops  as  harvested,  and,  second,  by  the 
amount  of  dry  substance  contained  in  the  crops.  The  latter  measure- 
ment is  thought  to  be  the  one  deserving  chief  consideration  as  the 
dry  substance  is  a  fundamental  measure  of  the  production  of  a  crop 
eitiier  for  human  food  or  for  feed. 

No.  OF 
PLAT.  ABBAMOBiaNT  AlfD  QlNEBAL  TbBATMXMT  OF  THE  PLATS. 


1. 

Faxm  manure 

. .  .Clover  in  rotation. 

2. 

No  fertOifer 

• 

3. 

Partial  fertiliMr,  PiOi  and  minimum  N 

. .  .Clover  in  rotation. 

• 

4. 

Farm  manure 

. .  .Timothy  In  rotation. 

5. 

Complete  fertiliser,  PtOi,  KsO,  and  maTimum  N . . . 

— Clover  in  rotation. 

0. 

No  fertiliser 

. .  .Timothy  in  rotation. 

7. 

Partial  fertiliser,  PiOi  and  minimum  N 

. .  .Timothy  in  rotation. 

S. 

Complete  fertiliser,  PsOt,  KsO,  and  maximum  N . . . 

. . .  .Tunothy  in  rotation. 

A  studjr  of  the  data  showing  the  yield  of  dry  sub- 
Effect  of       stance  in  the  various  crops  grown  und^  the  different 
different       treatments  reveab  a  marked  variation  in  production, 
treatments     The  plats  receiving  farm  manure  and  those  which 
on  yield.       received   complete  commercial  fertilizer  produced 

about  56  per  cent  more  dry  matter  than  the  unfer^ 
tilized  plats.  AppUcations  of  acid  phosphate  and  smiJl  amounts  of 
nitrogen  with  no  potash  produced  about  33  per  cent  more  than  the 
untreated  plats.    In  connection  with  these  figures,  it  should  be 
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borne  in  mind  that  the  crope  were  grown  in  a  system  of  rapid  rotation, 
and  that  in  the  case  of  four  of  the  plats  excellent  crops  of  clover  were 
grown  in  each  rotation  so  that  a  good  clover  sod  was  turned  under 
together  with  more  or  less  second  growth  in  certain  years.  Also,  in 
1910  all  the  plats  received  one  ton  per  acre  of  bun^  lime,  previously 
slaked. 

The  results  secured  in  these  tests  offer  further  evidence  to  dispose 
of  the  doctrine,  somewhat  prevalent  at  one  time^  that  commerciiJ 
fertilizers  were  chiefly  palliative  in  character,  and  that  with  proper 
rotation  and  soil  treatment  a  desirable  level  of  crop  production  could 
be  mainUdned.  Another  interesting  and  important  fact  brought  out 
by  the  experiment  is  the  relative  productivity  of  the  severiJ  crops 
employed.  The  data  show  that  the  growth  of  dry  substance  in  com 
is  more  than  twice  that  in  either  oats  or  wheat  (including  the  3deld  of 
barley  as  part  of  the  wheat),  or  even  of  hay,  notwithstanding  the  fact 
that  the  crops  of  cereals  and  hay  were  considered  very  satisfactory. 
This  is  a  fact  to  which  the  dairy  farmer  should  give  careful  consider- 
ation in  planning  to  secure  the  largest  amount  possible  of  available 
food  for  milk  production. 

A  question  which  is  much  discussed,  especially  in  the 
Eastern  states,  is  the  maintenance  of  soil  fertility  by 
the  use  of  commercial  fertilizers,  and  the  results 
secured  in  the  field  experiments  may  serve  as  a 
partial  answer.  The  total  yields  of  dry  substance 
obtained  from  all  the  crops  under  the  two  methods 
of  treatment  for  the  entire  period  of  the  experiment  ajre  given 
in  Table  I. 


Farmyard 
manure  vs. 
commercial 


TaBLB  I. —  COMPABATEYB  YlXLD  OF  DbT  SuBBTANCB  WICT  FaBM  MaNUBX  AND 

COIOIBBCXAL  FeBTILIZIB. 


• 

Total  tibld. 

Tbbatmxnt. 

Glover  in 
rotation. 

Timothy  in 
rotation. 

farm  manim 

L6«. 
118,367.8 
113,917.2 

LbB. 

109,559.8 

Complete  fwitliser 

106,297.9 

4,450.6 

3,261.9 

Accepting  the  figures  on  their  face  value,  the  superiority  of  farm 
manive  must  be  conceded,  altho  the  difference  in  results  from  the 
two  methods  of  trealanent  is  not  large.  Attention  should  be  called 
to  the  fact  that  while  the  amount  of  manure  applied  did  not  exceed 
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what  is  regarded  as  a  liberal  quantity  (about  10  tons  per  acre  applied 
twice  in  each  rotation),  the  quantities  of  the  valuable  plant  food 
elements  present  in  the  manure  were  doubtless  much  above  those 
applied  in  the  complete  commercial  fertiliser.  In  fact,  chemical 
analyses  of  the  manure  showed  that,  on  the  average,  131  lbs.  <rf 
nitrogen,  120  lbs.  of  phosphoric  acid,  202  lbs.  of  potaidi,  and  183  lbs. 
of  lime  were  applied  to  each  plat  every  second  year,  amounts  much 
larger  than  those  supplied  in  the  usual  application  of  commercial 
fertilizer. 

Another  factor  to  be  considered  is  that  the  plats  were  allowed  in 
grass  but  one  year,  so  that  the  timothy  was  placed  at  quite  a  dis- 
advantage because  of  the  well  known  fact  that  a  timothy  sod  d^ould 
be  maintained  more  than  one  year  in  ordw  to  get  maximum  results. 
Subtracting  from  the  total  amoxmts  of  dry  substance  produced  under 
the  two  systems  the  dry  substance  contained  in  the  clavesr  and  timothy 
hay,  a  comparison  can  be  made  of  the  influence  of  farm  manure  and 
a  complete  commercial  fertiliser  upon  cereal  crop  production  as 
indicated  in  Table  II. 

Tablb  II.—  Fabm  Manubb  vs.  Comiibbcial  Fbbtiuzeb  fob  Gbain  Cbops. 


TOTAXi  TIBIJ>  OP  DBT  8UB8TAHCB. 

Tbbatmxmt. 

Clover  in 
rotation. 

Timothy  m 
rotation. 

Farm  manura -  -    - 

Lb9. 

91,306.0 
90,194.4 

Lb8. 

S4, 348.4 
89.944.8 

Comnletfl  f^^rtiliffor 

+1,111.6 

—5,596.4 

The  farm  manure  appears  to  have  produced  somewhat  better 
results  on  the  clover  plats  than  the  fertiliser,  while  on  the  timothy 
plats  the  yield  of  the  grain  crops  with  manure  was  markedly  inferior 
to  that  with  commercial  fertilizer. 

As  this  experiment  covers  a  period  of  seventeen  years  these  results 
have  some  weight  in  considering  the  efficiency  of  the  two  methods  of 
maintaining  fertility. 

Investigation  has  diown  conclusively  that  under  cer- 
tain conditions  leguminous  plants  are  able  to  acquire 
nitrogen  from  the  atmosphere,  and  because  of  this, 
clover  has  been  regarded  as  a  very  important  factor 
in  maintaining  soil  fertility.  One  of  the  objects  of  the 
field  experiments  under  discussion  was  to  study  the 
influence  of  clover  upon  fertility*  A  fine  clorer  sod  has  been  turned 
under  on  four  of  the  plats  during  each  rotation  and  it. was  expected 


Clover  as 
a  factor  in 

fertili^. 
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that  tile  advantage  of  the  dover  would  be  particularly  marked  on  the 
check  platB  and  on  the  plats  receiving  very  limited  amounts  of 
nitrogen  in  the  conunercial  fertilizer.  Ilie  rdative  yields  of  aJl  the 
crops  grown  in  rotation  with  both  clover  and  timothy  are  shown  in 
Table  III,  together  with  the  differences  in  yield  of  all  the  crops  and 
of  the  cereal  crops  due  to  the  clover. 

Tabui  m. —  Emor  of  Cloysb  on  Cbopb  in  Rotation. 


YlVUD  OF  DST  SmMTANCN. 

-,  ,j  ■    ■ ,  ■     ,  .  ., 

DXIVUUDNCSB  WITH  GLOVBR. 

Clover  in 
xotatkin. 

Timothy  in 
sotatiim. 

KVOMB  of 

aUeropfl. 

Exoeaaof 

Farm  iDiuiure 

Lh9. 

118,367.8 

111,917.2 

100,091.9 

72,863.8 

109,559.8 

106,297.9 

88,932.4 

70,619.9 

8,808.0 

5,619.3 

11,159.5 

2,233.9 

6.957.6 

Complete  fertiliier 

451.5 

Partial  fertHiier 

4,391.4 
—1,934.9 

N^fi^tintr 

Total  differences 

27,820.7 

9,865.6 

These  figures  seem  to  justify  the  claims  for  the  value  of  clover  in 
rotation,  but  in  view  of  the  fact  that  the  yield  of  hay  on  the  timothy 
plats  was  not  so  large  as  it  would  have  been  had  the  rotation  con- 
tinued for  another  year,  it  is  probably  fairer  to  judge  the  influence  of 
the  clover  by  its  effect  upon  the  yield  of  the  cereals  than  upon  the 
yield  of  all  crops.  This  point  is  brought  out  in  the  last  column  of 
Table  III  where  the  yields  of  hay  have  been  subtracted.  The 
increased  yield  of  the  clover  plats  is  greatly  reduced,  and  on  the  check 
plats  the  larger  yield  was  secured  on  the  timothy  plat. 

Observations  on  the  influence  of  clover  in  maintaining  crop  pro- 
duction on  the  untreated  checks  offers  an  even  severer  test  of  its 
value.  The  figures  given  in  Table  IV  show  the  yields  for  all  crops  in 
the  different  rotations. 

Tablb  IV. —  Total  Yibldb  of  Dbt  Sxtbstancb  in  17  Ybabs  without 

Febtiuzxb  OB  Manubb. 


ROTATIOirS,  4  TBAB8  BACH. 


Krit 

8eoQDd 

Third 

JVnvtli 


GlOTBBIN 
BOTATION. 


IM, 

16,947.0 
17,873.9 
14,458.6 
14,760.7 


TlMOlSIN 
BOTATION. 


IM. 

17,703.8 
12,665.3 
14,957.9 
16,002.3 
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It  will  be  seen  that  after  the  first  rotation  the  yield  was  maintained 
at  practically  the  same  level  with  the  exception  of  the  yields  from  the 
timothy  plat  in  the  second  rotation.  The  yield  in  the  fourth  rotation 
was  practically  as  large  as  that  in  any  previous  rotati(Hi  except  the 
first.  While  it  is  well  known  that  the  soil  on  the  Station  farm  has 
large  potential  fertility,  it  is  rather  surprising  that  without  the  use  ci 
any  fertilizer  or  manure  no  decrease  in  productivity  was  observed 
during  the  last  twelve  years  of  cropping.  The  outstanding  fact  in 
this  connection  is  that  on  the  timothy  plats  crop  production  was 
maintained  as  efficiently  as  on  the  clover  plats. 

It  is  often  customary  in  discussing  field  experiments 

The  business  with  fertilisers  to  measure  the  results  secured  from 

side  of  the     tiie  different  methods  of  treatment  by  the  market 

experiment,    value  of  the  increase  in  crop  production  following  the 

use  of  the  fertilizers.  If  expressed  only  in  terms  of 
market  values,  such  experiments  are  simply  tests  of  business  methods 
and  the  final  figures  show  the  profit  or  loss  from  a  given  fifystem  in  a 
certain  locaUty,  while  entirely  different  results  might  be  secured 
another  year  or  in  another  conununity.  Conclusions  based  on  such 
deductions  do  not  express  an3rthing  fundamental.  It  is  possibley 
however,  to  study  results  as  expre^ed  in  market  values  so  as  to 
secure  a  comparison  of  relative  profits  under  a  given  set  of  conditions 
but  the  figures  obtained  may  have  very  limited  application. 


Tabls  v.—  EsmiATBD  Pucks  or  FsBTiuisBfl  and  Cbops. 

j-j      " " 


Matsbial. 


FsBnuixaB. 

Acid  phoipliate 

IMedblood,  10%  N 

Nitrate  of  Boda,  15%  N 

Muriate  of  potaah,  fiO% 

Stable  manure 

Cbops. 

Silage 

Hay 

Oat  straw 

Oatgrain 

Wheat  straw 

Wheat  grain 

Bariey  straw 

Barley  grain 


Pbicbspbb 

TONDUBUfO 


$14.00 

40.00 

64.00 

45.00 

2.00 


3.00 
10.00 
8.00 
.40* 
6.00 
l.OO* 
5.00 
1.00* 


TOH. 


$26.00 
80.00 
90.00 

225.00 
4.00 


6.00 

20.00 

12.00 

.70* 

12.00 

2.50* 
10.00 

1.00* 


*  Moe  per  boiheL 
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Since  the  field  experiments  were  begun,  there  has  been  a  very  great 
change  in  the  market  prices  of  both  fertilizers  and  crops.  In  Table 
y  is  stated,  as  nearly  as  can  be  estimated,  the  prices  of  the  fertilizing 
materials  employed  and  of  the  crops  produced  during  most  of  the 
time  covered  by  the  experiment,  together  with  prices  for  1919. 

In  the  complete  bulletin  tabulated  data  are  also  presented  to  show 
the  increase  in  crop  production  from  the  various  methods  of  treat- 
ment, the  cost  of  the  fertilizer,  and  the  value  of  the  crop.  Based  on 
these  figures  there  has  been  calculated  the  increase  of  crop  values 
ov^  the  cost  of  liie  fertilizers,  together  with  the  cost  of  one  pound 
of  increase  of  both  total  and  dry  substance  produced  on  all  the  plats. 
The  cheapest  increase  of  production  was  obtained  from  the  use  of 
add  phosphate  supplemented  with  a  small  amount  of  nitrate  of  soda, 
the  a(lditional  crop  yield  following  this  treatment  costing  much  less 
than  the  sum  for  which  it  could  have  been  purchased  either  at  former 
or  present  prices.  Whether  or  not  a  profitable  increase  in  yield 
could  be  secured  from  the  use  of  a  complete  fertilizer  with  a  maxi- 
mimi  amoimt  of  nitrogen  would  depend  upon  circumstances  as  it  is 
difficult  to  draw  conclusions  regarding  business  results  which  are 
generally  applicable.  The  returns  from  the  use  of  farm  manure 
indicate  that  this  material  was  worth  approximately  the  prices 
stated. 

In  Bulletin  No.  424  investigations,  conducted  with 
Measuring     the  nine  soils  employed  in  the  greenhouse  experi- 
8ofl  fertility,    ments  noted  above,  are  described  in  which  observa- 
tions were  made  on  various  methods  of  chemical 
analysis  for  determining  the  crop-producing  capacity  of  different 
soils.    The  methods  of  examination  employed  included  (1)  a  complete 
analysis  of  the  soils  whereby  the  entire  amount  of  each  ingredient 
present  in  the  soil  was  determined;  (2)  determination  of  the  material 
soluble  in  strong  acid;  (3)  determination  of  the  materials  dissolved  by 
continued  leaclung  for  ten  days  with  water,  very  weak  acid,  and  some- 
what stronger  acid;  and  (4)  determination  of  the  soluble  material 
obtained  by  shaking  five  hours  with  water,  very  weak  add,  and  the 
stronger  add.    As  already  indicated  these  soils  showed  by  vegetation 
tests  that  they  possessed  greatly  imlike  crop-producLug  capadties. 

To  briefly  summarize  the  detailed  data  given  in  the 

No  satisfac-    complete  bulletin  it  may  be  stated  that  by  no  one 

toiy  method   method  of  chemical  examination  was  there  esta- 

yet  developed,  blished  any  relation  between  the  amounts  of  nitrogen, 

phosphoric  add,  and  potash,  either  total  or  soluble, 
and  the  crop-producing  capadty  of  the  soil  There  did  seem  to  be 
some  relation  between  Qie  total  soluble  matter  Lq  the  soil  and  product- 
iveness in  that  the  two  soils  giving  a  very  low  yield  of  barley  showed 
much  less  solubility  than  the  others  but  this  relation  was  not  con- 
sistent.   The  general  result  of  this  investigation  shows  that  we  are 
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not  yet  in  a  positioii,  thru  laboratoory  methods  so  far  devised»  to 
measure  the  fertility  of  the  sqlL 

The  long-continued  field  experimfinlis  in  eromiing 
Additional     land  under  different  treatments  as  describ»i  in 
evidence       Bulletin  No.  465  offered  aa  opportunity  for  making 
regarding      f luiiher  observations  on  the  value  of  chemical  soQ 
chemical  soil  analysis  as  a  means  of  measuring  soil  fertility.  Sam- 
analjrsis.      pies  of  soil  were  iak&x  from  each  plat  when  the 
experiment  was  begun  and  again  after  seventeen 
years  cropping.   A  close  study  oi  the  figures  showing  the  (percentages 
of  nitrogen,  and  phosphorus  and  calcium  oxides  in  the  soil  from  the 
various  plats  reveals  no  relation  of  these  percentages  to  the  pro- 
ductivity of  the  plats  at  the  end  of  the  expenment^  nor  do  the  figures 
indicate  any  appreciable  changes  in  the  composition  of  the  soils  after 
seventeen  years  of  greatly  imlike  treatment  in  the  application  of 
fertilizers  and  manure  and  in  cropping. 

Important  poiate  brought  out  by  the  experimental 
Conclusions,    work  reported  in  the  bulletins  under  discussion  may 

be  summarized  as  follows: 

1.  The  kind  of  crop  affects  the  availability  of  a  pho^hate  as  much 
as  the  form  of  phosphate  used. 

2.  The  roots  of  different  species  of  plants  do  not  react  alike  upon 
soil  compounds. 

3.  The  availability  of  rock  phosphate  increases  with  the  fineness  of 
division. 

4.  The  iron  ore  waste  examined  had  little  fertilizing  value. 

5.  The  composition  of  the  plant  is  not  a  reliable  g^de  to  tJie  ferti- 
lizer needs  of  the  soU. 

6.  The  use  of  commercial  fertilizers  resulted  in  a  greater  production 
of  barley  dry  substance  than  that  which  followed  the  application  of 
stable  manure  having  the  same  amoimts  of  nitrogen,  phosphoric  acid, 
and  potash. 

7.  The  growth  of  barley  dry  substance  increased  with  an  increase 
in  the  amoimt  of  fertilizer  applied  altho  not  in  proportion  to  the 
amount  used. 

8.  Lime  as  a  supplement  to  manure  had  a  very  irregular  effect  on 
crop  yield. 

9.  Nitroeen  applied  alone  gave  the  best  results  both  on  the  fertile 
Station  soil  and  the  poor  Pine  Plains  soil 

10.  The  addition  of  phosphorus  to  nitrogen  produced  a  small 
increase  in  yield. 

11.  Either  alone  or  in  combination  potash  appeared  to  affect  the 
growth  of  the  barley  plant  very  little  on  the  two  soils. 

^  12.  Results  secured  with  soils  studied  under  greenhouse  conditions 
differ  from  those  obtained  in  the  field,  but  tiie  data  accumulated  in 
these  experiments  are  suggestive  as  to  the  use  of  fertilizers  in  forcing 
plants  under  glass. 
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13.  The  addition  of  soluble  fertilizeiB  materially  increased  the 
proportion  of  soluble  matter  in  the  soil. 

14.  Growing  plants  utilize  the  soil  solubles,  and  the  reduction  of 
these  materials  is  quite  rapid  even  before  the  plants  attain  any  con- 
siderable growth. 

15.  An  adequate  supply  of  inmiediately  arailable  plant  food  is 
essential  to  successful  cropping. 

16.  The  application  of  commercial  fertifixers  and  manure  to  crops 
grown  in  rotation  resulted  in  a  marked  increase  in  yield  over  un- 
treated checks. 

17.  The  production  of  dry  substance  in  com  was  more  than  twice 
that  in  either  oats,  wheat,  or  hay. 

18.  Farm  maniu'e  gave  somewhat  higher  yields  for  all  the  crops 
grown  in  rotation  than  did  a  complete  fertilizer,  but  based  on  the 
yield  of  the  cereal  crops  alone  farm  manure  gave  only  a  small  increase 
over  a  complete  fertilizer  for  the  clover  rotation,  while  the  fertifizer 
resulted  in  a  marked  increase  over  manure  in  the  timothy  rotation. 

19.  In  the  rotation  experiments  without  fertilizers  or  manure, 
crop  production  was  maintained  as  efficiently  on  the  timothy  plats  as 
on  the  clover  plats. 

20.  The  use  of  acid  phosphate,  supplemented  with  a  small  amount 
of  nitrate  of  soda,  gave  the  cheapest  crop  increase  secured  in  the 
field  experiments. 

21.  It  is  not  yet  possible  to  measure  accurately  the  fertility  of 
the  soil  by  chemical  analysis. 


SEED  POTATOES  IMPROVED  BY  0LOSB\ 

PLANTING  * 

J.  D.  LUCKETT 

Lack  of  agreement  on  the  part  of  New  York 

Opinion  varies  potato  growers^  even  in  the  same  locality,  as  to 

as  to  best     what  spacing  gives  the  best  results,  would  seem  to 

spacing  of     indicate  that  they  are  guided  more  by  personal 

potatoes       experience  and  observation  than  by  experimental 

evidence.  The  method  of  planting,  whether  in  drills 
or  check  rows;  the  distance  between  plants  in  the  row;  the  variety 
of  potatoes  grown:  the  fertility  and  cultural  condition  of  the  soil; 
the  size  of  the  seed-piece,  all  enter  into  consideration  in  detennining 
the  proper  spacing  of  potatoes.  In  addition,  a  planting  scheme 
adapted  to  certain  seasonal  conditions  may  be  enturely  unsuited  to 
different  conditions.  The  distance  between  rows  has  been  found  to 
vary  from  30  to  39  inches,  and  the  distance  between  plants  in  the 
row  from  9  to  36  inches.  It  is  evident,  therefore,  that  many  f actoFs 
are  involved  which  make  the  problem  quite  complicated 

Under  the  planting  conditions  usually  prevailing 

Small  and     in  Western  New  York,  varieties  of  the  Rural  group 

medium  sized  of  potatoes,  such  as  Rural  New  Yorker  No.  2,  Sir 

tubers  desir-  Walter  Raleigh,  Enormous  No.  9,  etc.,  produce 

able  for  seed  many  tubers  which  are  too  large  to  be  suitable  for 

seed  purposes.  Believing  that  the  small  tubers  are 
as  productive,  weight  for  weight,  when  used  for  seed  as  are  the  large 
tubers  from  the  same  plant,  it  was  deemed  worth  while  to  study 
means  for  increasing  the  proportion  of  small  and  medium  sized 
tubers.  Consequently,  experiments  were  planned  to  determine  the 
feasibility  of  employing  close  spacing  in  the  production  of  seed 
potatoes  as  a  means  of  reducing  the  average  size  of  the  tub^s 
without  reducing  the  total  net  yield.*  It  was  thought,  too,  that 

*  Reprint  of  Popular  Bulletin  No.  474,  May,  1920.    The  Complete  BulMn  is 
reprinted  on  p.  281. 
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thru  a  better  underetandmg  of  the  effects  of  different  epadngs, 
information  mi^t  be  obtained  leading  to  an  improvement  of  the 
quality  of  potatoes  for  table  use  by  increasing  tiie  production  of 
medium  sized  potatoes. 

Field  experiments  were  conducted    at   Geneva 

The  plan      during  five  seasons  (1914,  1915, .  1917,  1918,  and 

of  file        1919)  and  comprised,  chiefly,  a  comparison  of  6-  by 

e^eriment    36-inch  planting  with  15-  by  36-inch  planting.    The 

variety  Sir  Wsdter  Raleigh  was  used  the  first  four 
years  and  Enormous  No.  9  the  last  year  of  the  experiment.  The 
fiofl  was  a  heavy  day  loam  of  mediiun  fertility.  The  rows  of  thick 
and  thin  planting  were  alternated.  At  harvest  the  product  of  each 
row  was  sorted,  according  to  weight,  into  four  grades,  viz. :  (1)  Under 
one  otmce;  (2)  from  one  to  two  ounces;  (3)  from  two  to  twelve 
oimces;  and  (1)  over  twdve  ounces.  The  tubers  in  each  grade 
were  weighed  and  counted 

Detailed  information  is  given  in  the  complete 
General  bulletin  showing  the  results  secured  •each  year  of 
sescdts  tibie  experiment  while  the  data  may  be  briefly 
summarized  as  follows:  The  total  number  of  tubers 
over  one  ounce  in  weight  produced  during  the  different  years  of  the 
experiment  varied  from  41,817  to  62,600  per  acre  for  the  15-inch 
plimting,  and  from  71,603  to  97,150  per  acre  for  the  6-inch  planting, 
and  recited  in  a  difference  in  favor  of  thick  planting,  varying  from 
29,281  to  34,550  tubers  per  acre.  Expressed  in  another  way,  these 
figures  represent  yields  of  tubers  over  one  ounce  in  weight  ranging 
from  144.5  to  340.8  bushels  per  acre  for  the  15-inch  planting,  and 
from  191.8  to  384.4  bushels  per  acre  for  the  &-inch  planting.  The 
difference  in  net  yield  (total  yield  minus  seed)  varied  from  24.9 
to  46.6  bushels  per  acre  in  favor  of  the  6-inch  planting,  with  an 
average  of  34.7  bushels  per  acre.  More  than  one-hatf  of  this 
d^erence,  18.7  bushels,  comprised  tubers  over  two  ouncesnn  weight. 
With  regard  to  an  increase  in  the  production  of  small  and  medium 
size  tubears  with  6-inch  planting,  the  average  wei^  of  tubers 
weighing  more  than  two  oimces  suffered  a  reduction  during  the 
different  seasons  of  from  10.5  to  22.8  per  cent.  For  table  use,  the 
tubers  from  the  thick  planting  were  thought  to  be  more  desirable 
in  size  in  the  1914  and  1919  crops  than  those  from  the  thin  planting, 
but  in  the  other  three  years  the  potatoes  from  the  thin  planting  were 
of  a  better  size. 

.As  in  the  case  of  the  total  yield,  the  yield  of  the 

Effect  of      tiu-ee  smaller  grades  of  tubers  was  considerably 

spacing  on     larger*with  the  6-inch  planting  than  with  the  15-inch 

numbo:  of     planting  in  every  year  of  the  experiment.    However, 

tubers        the  yield  of  the  extra  large  tubers,  when  there  were 

any,  was  always  greatest  with  the  thin  planting. 

On  a  percentage  basis,  the  average  increase,  due  to  thick  plantmg. 
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in  number  of  tubers  in  the  smallest  grade  was  119.1  per  cent;  in 
the  one-to»two  ounoe  grade,  144«5  per  oent;  in  the  over-two-ounce 
grades,  44.3  per  cent;  and  for  the  total  yield  of  tubers  of  all  grades, 
67.2  per  cent. 

Thick  planting  tended  to  reduce  the  aven^  number  of  tubers 
produced  per  plant,  the  amount  of  this  reduction  ranging  from  28.3 
per  cent  m  the  1918  eacperiment  to  37.8  per  cent  in  the  1914 
experiment. 

The  lai]gest  total  yields  for  both  spadngs  were 
Effect  of      obtained  in  1914,  and  the  smallest  total  yields  in 

i^dog  on     1917;  yet  the  differences  in  yield  in  favor  of  thick 

quanti^  of  planting  for  these  two  years  was  practically  the 
tubers  same  and  the  smallest  of  the  series,  namely,  49.3 
bushels  per  acre  in  1914,  and  50.2  bushels  per  acre 
in  1917.  Likewise,  in  t^e  1918  and  1919  experiments,  which  gave 
ouite  different  total  yields,  almost  the  same  difference  in  favor  of 
uiiok  planting  was  obtained,  namely,  60.1  bushels  per  acre  in  1918, 
and  61  bushels  in  1919.  The  best  results  with  thick  planting  were 
secured  in  the  1915  experiment  when  the  difference  in  total  yield 
was  83.2  bushels  per  acre.  For  all  the  experiments,  the  average 
increase  in  yield  in  favor  of  thick  planting  amounted  to  28.9 
percent. 

In  a  comparison  of  the  percentage  of  increase  in  the  number  of 
tubers  with  the  percentage  of  increase  in  the  quantity  of  tubers, 
it  was  found  that  the  latter  was  usually  the  higher  in  the  two  smaller 
fiprades  of  tubers,  but  considerably  the  lower  in  the  marketable  grade 
and  in  the  total  yield  of  all  grades. 

The  average  yield  of  tubers  produced  per  plant  in  the  &-inch 
rows  in  1914  was  less  than  half  that  produced  per  plant  in  tiie  15-inch 
rows,  while  in  each  oi  the  other  four  years  the  yield  was  slightly 
more  than  half. 

The  reduction  in  the  average  sLse  of  the  tubers 

Effect  of      which  resulted  from  thick  planting  enhanced  the 

wp^^ng  on     value  of  the  crop  for  seed  purposes,  but  its  effect 

rise  of        on  the  quality  oi  the  tubers  for  table  use  was  less 

tubers        apparent.    Just  what  sixe  of  potato  is  desirable  for 

the  table  is  largely  a  matter  of  personal  opinion. 

In  these  experiments  it  waa  de(^ed  that  in  a  lot  of  tubers  varying 

from  two  to  twdve  ounces  the  average  weight  should  be  about  4.25 

ounces  to  be  most  desirable  for  general  f smaily  use  where  some  of 

the  potatoes  were  to  be  boiled,  some  baked,  and  some  mashed. 

Baaed  on  this  standard,  tiie  crop  from  the  thin  planting  was  superior 

to  that  from  the  thick  planting  in  three  years  out  of  the  five. 

Of  the  total  number  of  tubers  produced  in  the  6-inch  planting 
during  the  five  years  of  the  experiment,  64.1  per  cent  attained  a 
weight  of  two  ounces  or  more,  while  in  the  15-inch  planting  73.9 
per  oent  weighed  two  ounces  or  over. 
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• 

Two  things  must  be  taken  into  consideration  with 
Effect  of      regard   to    close   spacing:    First,    6-inch   planting 
spacing  on     requires  two  and  one-half  times  the  amoimt  of  seed 
net  yield      necessary  for  15-inch  planting;   and  second,  allow- 
ance must  be  made  for  the  SiOferenoe  in  the  ybIuq 
of  potatoes  in  the  spring  and  in  the  f  alL 

As  stated  earlier,  the  average  net  difference  in  favor  of  thick 
planting  for  the  five  years  was  34.7  bushels  per  acre,  18.7  bushels  of 
which  consisted  of  tubers  weighing  more  than  two  oimces  each, 
and  the  remainder  of  tubers  weighing  between  one  and  two  ounces. 

While  no  attanpt  has  been  made  to  draw  definite 
Conclusions    conclusions  from  the  data  as  to  the  relative  number, 

quantity,  or  size  of  tubers  to  be  expected  from  &-inch 
and  15-inch  plantings,  certain  general  reconmiendations  may  be 
made  as  follows: 

1.  In  the  production  of  seed  potatoes  of  varieties  of  the  Rural 
group,  planting  in  this  State  should  be  considerably  closer  than 
15  by  36  inches  as  the  net  yield  of  the  crop  is  thereby  increased  and 
tubers  of  a  more  desirable  size  obtained. 

2.  Seed  potatoes  designed  for  home  use  ma^  be  planted  as  dose 
in  the  row  as  is  consistent  with  roguing,  altho  it  is  probably  imprac- 
ticable to  rogue  properly  plants  set  as  close  as  six  inches. 

3.  A  crop  to  be  sold  either  for  seed  or  for  table  use  may  require 
somewhat  thinner  spacing  in  order  to  avoid  the  production  of  a 
large  number  of  small  tubers. 

4.  Potatoes  grown  on  rich  garden  soil  for  table  use  may  be  planted 
as  close  as  6  by  30  inches  to  good  advantage. 


THE  NEW  YORK  SEED  LAW  AND  SEED 

TESTING  ♦ 

M.  T.  MUNN 

THE  NEW  YORK  SEED  LAW 

Fami  seeds,  the  most  variable,  and,  weight  for  weight,  the  most 
expensive  material  the  fanner  has  to  buy,  can  be  purchased  on  and 
after  July  1, 1920,  with  a  complete  tag  or  label  attached  to  each  sack, 
bag,  or  container  showing  the  purity,  germination,  amount  of  weed 
seeds  present,  and  the  presence  or  absence  of  certain  noxious  weed 
seeds. 

After  considerable  agitation  New  York  has  secured  finally  a  law 
designed  to  protect  the  purchaser  of  seeds  by  giving  him  full  informa- 
tion regarding  the  quality  of  the  contemplated  purchase;  and,  also, 
to  protect  the  honest,  legitimate  dealer  or  seedsman  against  the 
practices  of  dishonest  and  irresponsible  ones. 

The  New  York  "seed  law,"  which  became  effective  July  1, 1920, 
is  primarily  a  labeling  law  in  contradistinction  to  a  grading  law 
when  grades  are  required.  A  copy  of  the  law  may  be  had  upon 
application  to  the  Conunissioner  of  Agriculture,  Albany,  N.  Y. 

THE  MAIN  FEATUBE  OF  THE  LAW 

The  law  requires  the  labeling  of  all  agricultural  seeds  which  are 
sold,  offered,  or  exposed  for  sale,  within  the  State  of  New  York,  for 
seeding  purposes  within  the  State  either  in  bulk,  packages,  bags,  or 
other  containers  of  10  pounds  or  more  with  the  exception  of  special 
mixtures,  such  as  lawn  mixtures,  when  8  ounces  is  the  Tninimum 
limit  of  weight. 

KINDS  OF  SEEDS  TO  BE  LABELED 

The  term  ''agricultural  seeds,"  as  defined  in  the  law,  includes 
practically  every  kind  of  seed  planted  upon  New  York  farms.  The 
following  are  designated  as  "agricultural  seeds"  and  are  subject  to 

*  Reprint  of  abridged  edition  of  BuDetin  No.  476,  June,  192a  Tha  Complete 
Bulletin  is  reprinted  on  p.  311. 
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all  the  provisions  of  the  eeed  law  when  sold  for  seeding  purposes: 
Canada  bluegrass,  Kentucky  bluc^grass,  orchard  grass,  redtop, 
timothy,  brome  grass,  fescues,  millets,  tall  meadow  oat  grass,  Italian 
rye  grass,  kafir  com,  perennial  rye  grass,  sorghum,  sudan  grass,  and 
other  grasses;  alfalfa,  alsike  clover,  crimson  clover,  red  clover,  white 
clover,  sweet  clover,  vetches,  rape,  and  flax;  and  buckwheat,  barley, 
com,  oats,  rye,  wheat,  and  other  cereals. 

SEED  inXTUBBS 

All  mixtures  of  alsike  clover  and  timothy,  alsike  and  white  clover, 
redtop  and  timothy,  and  alsike  and  red  clover  in  lots  of  10  pounds 
or  more  must  be  fully  and  completely  labeled  in  the  same  manner 
as  unmixed  agricultural  seeds. 

Special  mixtures  of  agricultural  seeds,  that  is,  mixtures  which 
usually  carry  a  number  of  different  kinds  of  seeds,  when  in  lots  of 
8  oimces  or  more  must  also  be  fully  labeled  except  that  the  law  does 
not  require  a  statement  of  the  germination  percentage  in  the  case 
of  the  special  mixtures.  However,  the  percentage  of  inert  matter 
must  be  given. 

In  the  case  of  both  mixtures  and  special  mixtures  as  defined  above 
the  law  requires  a  statement  to  the  effect  that  ''such  seed  is  a 
mixture;"  and  also,  "the  name  and  approximate  percentage  by 
weight  of  each  kind  of  agricultural  seed  present'^  in  excess  of  5  per 
cent  or  more  of  the  total  mixture. 

THE  LABEL 

The  law  requires  each  lot  of  seed  to  carry  a  statement,  tag,  or 
label  giving  the  following  information: 

1.  The  commonly  accepted  name  of  such  seed. —  For  example. 
Dwarf  Essex  rape,  Canada  bluegrass,  and  Kentucky  bluegrass  must 
be  called  such  on  the  label  since  these  are  their  commonly  accepted 
names,  and  not  simply  rape  and  bluegrass.  The  kind  of  seed  must, 
therefore,  be  indicated.  Variety  and  sub-variety  names  are  not 
required,  but  if  named  on  the  label,  as  the  vendor  may  elect,  they 
must  be  the  tme  variety  name,  otherwise,  the  seed  would  be  mis- 
branded  or  falsdy  labeled.  As  an  illustration,  if  a  label  reads 
"yellow  sweet  clover"  the  seed  must  be  of  that  variety  and  not  of 
another  variety  such  as  white  sweet  clover. 
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2.  The  approzimAto  perceategtt»  by  weight,  of  purity. —  A  state- 
ment of  purity  ehows  the  amount  of  crop  seeds  of  the  kind  whidi 
the  hkbel  indicates  as  compared  with  the  amount  of  weed  seeds  and 
inert  matter  present  and  must  be  expressed  in  terms  of  percentage 
by  weight.  Purity^  then,  is  (me  of  the  important  factors  which 
determines  quality  and  consequently  price. 

3.  The  percentage  of  weed  seeds. —  The  total  amount  of  weed 
seeds,  whether  noxious,  troublesome,  or  otherwise,  expressed  in  terms 
of  percentage,  must  be  stated  on  the  tag  or  label.  The  term  ''weed 
seeds"  as  defined  in  the  law  does  not  include  the  seeds  of  field  crops 
which  are  listed  in  the  law  as  "agricultural  seeds."  Seeds  of  crop 
plants  of  agricultural  value,  which  occur  incidentally  or  thru  natural 
infestation  by  ripening  at  the  same  time  and  being  harvested  with 
the  crop  and  which  occur  in  any  sample  of  a  given  kind  of  seed, 
are  known  to  seed  analysts  and  the  seed  trade  as  ''other  crop  seeds," 
"foreign  seeds,"  "seeds  of  extraneous  crop  plants,"  and  "other 
crop  seeds  of  agricultural  value."  A  distinction  should  be  clearly 
made,  therefore,  between  the  accidental  commercial  seeds  and  weed 
seeds  in  a  sample.  The  seed  law  does  not  require  that  the  percentage 
of  "other  crop  seeds"  or  of  accidental  commercial  seeds  be  stated, 
nevertheless,  it  should  be  clearly  understood  that  seed  testing  stations 
and  laboratories  in  making  purity  tests  of  a  lot  of  seed,  do  not,  as 
a  rule,  separate  and  express  in  separate  percentages  the  accidental 
commercial  seeds  and  the  weed  seeds.  It  is  often  of  great  importance 
that  the  percentages  of  other  crop  seeds  be  given  in  distinction 
from  weed  seeds  since,  in  many  cases,  they  are  of  equal  or  greater 
value  than  the  agricultural  seed  in  which  they  occtir. 

4.  The  name  of  each  kind  of  tiie  seeds  of  noxious  weeds. —  The 
name  of  each  kind  of  noxious  weed  present  must  be  stated  on  the 
label  when  it  occurs,  either  singly  or  collectively,  in  excess  of  1 
seed  in  each  5  grams  (about  one-sixth  of  an  ounce)  of  small  seeds 
such  as  timothy,  clover,  and  alfalfa;  of  1  seed  in  each  25  grams 
(about  sixHsevenths  of  an  ounce)  of  millet,  rape,  and  seeds  of  like 
size;  and  of  1  seed  in  each  100  grams  (about  3)  ounces)  of  oats, 
wheat,  vetch,  and  seeds  of  like  size.  The  law  designates  four  kinds 
of  weeds  as  noxious  in  this  State,  viz.  quack  grass,  wild  mustards, 
Canada  thistle,  and  dodders. 

The  sale  of  seeds  containing  these  noxious  weed  seeds  is  not 
prohibited,  but  it  is  required  that  the  label  or  tag  show  if  they 


Nbw  York  AQBicuvrvRASj  Experiment  Station.        537 

are  present,  in  order  that  the  purchaser  may  avoid  buying  seeds 
containing  them. 

5.  The  percentage  of  germination  together  with  flie  monfli  and 
year  when  the  test  waa  made. —  With  respect  to  germination,  the 
law  requires  that  two  very  important  facts  be  stated  on  the  tag 
or  hbel  on  all  lots  of  seeds  except  ''special  mixtures."  First,  the 
percentage  of  germination  or  the  percentage  of  seeds  which  are 
alive  or  viable  and  which  will  sprout  or  germinate  within  the  normal 
number  of  days  must  be  indicated.  This  is  highly  essential  in 
determining  the  quality  and  actual  value  of  the  seed  for  seeding 
purposes  since  dead  seed  is  worthless  for  planting  and  is  deceptive 
in  determiniog  the  amount  of  seed  to  use.  Second,  the  date,  that  is, 
the  month  and  year,  when  the  test  was  made  must  be  given.  This 
second  item  is  essential  since  the  vitality  of  seeds  decreases  with  "age, 
and  the  purchaser  can  readily  detemune  from  the  tag  or  label  whether 
sufficient  time  has  elapsed  to  materially  affect  the  viability  of  the 
seed  under  normal  storage  conditions. 

6.  The  full  name  and  address  of  the  vendor. —  The  label  must 
also  give  the  full  name  and  address  of  the  person  who  sells,  offers, 
or  exposes  for  sale  such  seeds. 

TiABWLINQ  MIXTUBBB 

Mixtures  of  alsike  clover  and  timothy,  alsike  and  white  clover, 
redtop  and  timothy,  and  alsike  and  red  clover,  when  ia  lots  of  10 
pounds  or  more,  must  carry  a  tag  or  label  giving  essentially  the 
same  information  required  for  the  unmixed  or  rq^ular  run  of  agri- 
cultural seeds  except  that  the  tag  must  state  that  such  seed  is 
a  mixture,  and  must  also  give  the  approximate  percentage  by  weight 
of  each  kind  of  crop  seed  present  in  excess  of  5  per  cent  of  the 
total  mixture.  Also,  each  kind  of  the  above-defined  noxious  weed 
seeds  present  in  excess  of  1  in  each  15  grams  of  the  mixture  must 
be  named. 

Ii^BELINQ  SPECIAL  BOXTUBEB 

Special  mixtures  of  seeds,  such  as  golf,  pasture,  meadow,  and 
lawn  mixtures  when  sold,  offered,  or  exposed  for  sale  as  mixtures, 
in  packages  or  other  containers  of  8  ounces  or  more,  must  cany 
for  eadi  lot  a  tag  or  label  stating  (1)  that  such  seed  is  a  mixture, 
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(2)  the  name  of  each  kind  of  "agricultural  seed"  present  in  the 
proportion  of  5  per  cent  or  more  of  the  total  mixture,  (3)  the 
total  percentage  of  weed  seeds,  (4)  the  percentage  by  weight  of 
inert  matter  such  as  chaff,  sticks,  broken  stems,  sand,  etc.,  (5)  the 
name  of  each  kind  of  noxious  weed,  as  defined  on  page  536,  present 
in  excess  of  1  seed  in  each  15  grams  of  the  mixture,  and  (6)  the  full 
name  and  address  of  the  vendor  of  such  mixture. 

POBM  AND  POSITION  OP  LABEL 

The  law  does  not  require  any  particular  form  of  statement,  tag, 
or  label  except  that  it  must  convey  definite  information  plainly 
written  or  printed  in  the  English  language  as  set  forth  therein,  and 
must  be  placed  on  the  exterior  of  the  container.  If  the  container 
is  a  bag  of  seed,  the  label  should  appear  on  the  outside  of  the  bag; 
if  it  is  a  barrel,  bin,  box,  or  package,  on  the  outside  of  the  container. 
The  intent  of  the  law  is  to  place  the  information  given  on  the  label 
concerning  the  quality  of  the  seed  in  such  a  form  and  position  that 
it  is  accessible  to  the  purchaser  so  that  he  may  determine  at  a  glance, 
if  he  will,  what  the  seed  is  and,  therefore,  buy  on  his  own 
responsibility. 

EXEMPTIONS  FROM  THE  SEED  LAW 

In  order  that  there  may  be  no  misunderstanding  as  to  the 
exemptions  from  the  provisions  of  the  seed  law,  the  text  of  the 
law  regarding  exemptions  is  hereby  quoted  in  italics  and  followed 
by  explanatory  notes. 

Section  344. —  Exemptiona.  Agriculiural  seeds  or  mixtures  of  same 
shall  be  exempt  from  the  provisions  of  this  artide: 

1.  When  exposed  for  sale  or  sold  for  food  or  feeding  purposes  only, — 
No  labels  are  required  under  the  seed  law  when  seeds  are  sold, 
offered,  or  exposed  for  sale  for  food  or  feeding  purposes;  however, 
just  so  soon  as  such  seeds  are  sold,  offered,  or  exposed  for  sale  for 
seeding  purposes  on  the  land  then  the  complete  label  must  be 
attached. 

2.  When  sold  to  be  redeaned  before  being  sold  or  exposed  for  sale 
for  seeding  purposes, —  No  labels  are  required  when  seeds  are  sold 
to  elevator  men,  merchants,  seed  dealers,  etc.,  to  be  recleaned  before 
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being  sold,  offered,  or  exposed  for  sale  for  seeding  purposes.  In  such 
cases  the  dealer  or  other  person  who  redeans  the  seed  to  put  it  into 
salable  condition  for  planting  purposes  must  have  the  lot  tested  and 
must  completely  label  each  parcel  of  10  pounds  or  more  before  it 
is  placed  on  sale  or  sold.  In  other  words,  any  farmer  can  sell  his 
seed  stocks  of  his  own  growing  to  any  merchant  to  be  recleaned 
without  the  necessity  of  labels;  however,  as  soon  as  he  takes  it  from 
his  farm  or  sends  it  by  conmxon  carrier  to  another  for  seeding  purposes, 
then  he  becomes  a  vendor,  and  both  the  seller  and  the  seeds  are  sub- 
ject to  all  the  provisions  of  the  seed  law. 

3.  When  held  for  the  purpose  of  redeaning. — ^When  seeds  are  held 
in  atorage  in  any  form  or  place  for  the  express  purpose  of  redeaning 
no  labels  are  required  imtil  they  are  recleaned,  held  for  sale,  offered 
for  sale,  or  sold  for  seeding  purposes,  then  such  goods  must  have  the 
required  label  information. 

4.  When  such  seeds  consist  of  buckwhecU,  barley,  com,  oats,  rye, 
wheat,  or  other  cereal  sold  by  the  grower  thereof  on  his  own  premises 
and  delivered  to  the  vendee  or  kis  agent  or  representative  personally 
on  such  premises. — ^The  meaning  and  intent  of  this  exemption  is 
quite  clear,  making  it  possible  for  one  farmer  to  sell  his  seed  barl^, 
buckwheat,  com,  oats,  rye,  wheat,  and  other  cereals  (that  is,  those 
grasses  which  are  grown  for  their  grain,  which  is  ground  into  flour) 
of  his  own  growing,  on  his  own  premises,  to  a  neighboring  fanner 
or  other  person  providiag  he  personally  deUvers  such  seeds  to  the 
'Vendee''  (the  buyer)  on  such  premises,  that  is  the  premises  of 
the  grower.  The  farmer  may  be  held  responsible  for  any  repre- 
sentations he  may  make  regarding  such  seeds.  It  should  be  clearly 
understood  that  none  of  the  grasses  or  clovers  with  smaller  seeds 
and  which  are  more  apt  to  be  fouled  with  weed  seeds  can  be  sold 
in  this  manner  for  planting  directly  on  the  land.  [Furthermore,  no 
farmer,  grower,  or  any  other  person  can  legally  sell,  offer,  or  expose 
for  sale  seeds  for  seeding  piui)oses  either  of  his  own  growing  or 
farmer-bought  for  delivery  from  his  farm  or  premises,  either  per- 
sonally, by  agent,  or  by  common  carrier  unless  such  lot  of  seed  is 
less  than  10  pounds  in  weight  (8  oimces  of  special  mixtures), 
or  is  sold  to  be  recleaned,  or  is  fully  and  completely  tagged  with 
the  required  label  information.] 
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FABMBRB  NOT  lCXWMi*nDD  FBOM  THB  SEED   LAW 

Farmers  axe  not  exempt  £rom  the  seed  law  except  as  provided  for 
in  subdivision  4  of  the  exemptions  discussed  on  page  539.  Tlie 
farmer  should  not  be  and  is  not  fully  exempted  from  the  provisions 
of  the  seed  law  when  he  offers  for  sale  seeds  which  are  intended 
to  be  used  immediately  for  seeding  or  planting  purposes  without 
further  cleaning.  His  seed  stocks  offered  for  sale  for  planting 
purposes,  except  as  above  exempted,  are  subject  to  inspection  and 
retest  the  same  as  those  of  any  vendor  of  seeds,  and  his  premises 
are  also  subject  to  inspection  by  authorized  persons  when  there  is 
reason  to  believe  that  the  provisions  of  the  seed  law  are  being  violated. 
He  has  not  asked  to  be  exempted  and  does  not  care  to  be  since  he 
has  need  of  a  strict  seed  law  every  time  he  purchases  seeds  for  plant- 
ing, whether  of  a  dealer  or  of  a  neighbor.  Seed  laws  which  fully 
exempt  the  farmer  £ave  been  found  unconstitutional  in  other  states. 
The  careful,  thrifty  farmer  demands,  and  rightly  so,  all  the  infer- 
mation  about  his  contemplated  seed  purchase  that  is  required  to 
be  given  by  the  seed  law.  If  a  farmer,  who  is  the  grower  thereof, 
desires  to  sell  certain  kinds  of  seeds  to  a  neighbor  without  any  labd 
or  quality  information,  and  both  care  to  deal  in  that  manner,  th^ 
they  alone  are  responsible,  the  one  for  obtaining  full  price  value 
for  his  goods  and  the  other  for  the  noxious  and  troublesome  weeds 
he  may  get  along  with  seed  of  possibly  low  or  unknown  germinatioa. 

SEED  INSPECTION  AND  LAW  ENFOBCEICENT 

The  seed  law,  being  an  article  of  the  State  agricultural  law,  pro- 
vides for  the  unobstructed  inspection  of  any  lot  of  seed  in  any  place 
or  upon  any  premises,  the  authorized  representatives  or  agents  of 
the  Conmiissioner  of  Agriculture  having  access  at  all  reasonable 
hours  to  such  premises.  Samples  of  seeds,  properly  drawn  according 
to  the  rules  for  sampling  seeds,  may  be  taken  in  duplicate  for  the 
express  purpose  of  examination,  analysis^  or  test.  Such  tests  are 
reported  to  the  Ck)mmissioner  of  Agriculture  who  is  empowered  to 
administer  the  law  in  case  he  has  reason  to  believe  that  its  pro- 
visions have  been  violated. 
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biosxtiab  of  tb8ts  mat  bb  fublishiao 

The  law  provides  for  the  publication  from  time  to  time  of  the 
results  of  the  analyses  or  tests  of  samples  of  seeds  procured  oa  the 
market.  This  is  done  in  order  that  the  purchaser  may  study  and 
compare  the  seed  dealers'  promises  and  performances  from  year 
to  year.  Additional  information  regarding  the  general  condition  of 
the  quality  of  seeds  and  the  seed  trade  ntay  also  be  published  with 
these  reports  if  deemed  necessary. 

HOW  A  FABMEB  HAT  SELL  SBKD8 

A  fanner  who  is  a  grower  of  seeds  and  desires  to  sell  them  for 
seeding  purposes  may  do  so  in  a  number  of  different  ways. 

1.  He  may  sell  any  seeds  to  anyone,  anywhere,  for  use  for  food 
without  labels,  or  for  seeding  purposes  when  in  less  than  10-pound 
lots. 

2.  He  may  sell,  ship,  or  deliver  field  seeds  to  any  merchant  or 
general  market  to  be  recleaned  or  graded  before  being  offered  for 
sale  for  seeding,  just  as  he  has  always  done. 

3.  He  may  sell  buckwheat,  barley,  com,  oats,  lye,  and  wheat 
seed  or  other  cereal  of  his  own  growing  to  any  person  providing  the 
seed  is  ddivered  personally  to  the  buyer  or  his  r^resentative  upon 
the  premises  of  the  grower. 

4.  He  may  sell  any  kind  of  seed  for  seeding  purposes  to  anyaae, 
an3rwhere,  either  to  be  delivered  personally  or  shipped  thru  a  common 
carrier  providing  he  has  either  tested  such  seed,  or  has  had  a  test 
made,  as  he  should  do,  and  has  fully  labeled  each  lot. 

HOW  A  FABMSB  MAT  BUT  8BBD 

The  law  does  not  forbid  any  person  from  buying  the  dieapest 
and  foulest  seed  upon  the  market  or  dead  and  traeliy  seed,  if  he 
cares  to  do  so,  nor  does  it  shield  him  from  his  f9Uy  if  he  now  buys 
seeds  cardessly  and  without  taking  full  advantage  of  the  protecticm 
afforded  by  the  seed  law.  Every  lot  of  seed  upon  the  market  in 
this  State  must  be  fully  labeled,  and  no  farmer  should  accept  such 
seed  untQ  he  has  made  an  examination  of  the  statements  on  the  tag 
or  label.  In  case  these  statements  are  not  given  he  should  insist 
upon  receiving  such  quality  information  as  required  by  law  and 
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should  promptly  report  to  the  Commissioner  of  Agriculture  at 
Albany  any  persons  or  dealers  who  are  violating  the  seed  law  or 
ignoring  its  provisions. 

The  most  important  consideration  which  the  farmer  can  possibly 
give  to  seed  purchases  is  in  the  matter  of  the  grade  of  seed.  When 
a  tag  or  label  bears  a  statement  that  the  seed  is  above  99  per  cent 
pure,  and  since  the  farmer  can  find  out,  if  he  will,  whether  sudi 
a  statement  is  true,  he  may  be  sure  that  he  is  buying  fairiy  safely. 
However,  when  he  buys  seed  which  is  labeled  with  a  low  percentage 
of  purity,  he  may  be  certain  that  he  is  either  buying  dirt  at  seed  prices, 
or  else  is  getting  a  grand  array  of  weed  seeds  which  will  most  certainly 
bring  him  a  huge  expense  bill  in  the  form  of  eradication  effort  for 
years  to  come.  Usually  a  low  purity  guaranty  means  cheap,  but 
really  costly,  seed;  and  cheap  seed,  like  cheap  fertilizer,  is  always 
expensive.  This  is  necessarily  so  since  the  competition  on  the 
seed  market  is  so  keen  that  seed  grades  are  based  very  nearly  on 
their  actual  value.  There  are  no  baigains  in  the  seed  market  because 
cheap  seed  is  cheap  for  the  reason  that  it  is  poor  in  quality,  and  any 
farmer  who  buys  cheap  seed  in  order  to  save  money  is  like  the  man 
who  stops  the  hands  of  the  clock  to  save  time  —  there  is  no  saving. 
Likewise,  any  farmer  or  grower  who  produces  foul  and  dirty  seed 
cannot  expect  a  dealer  to  pay  a  high  market  price  if  he  is  forced 
to  spend  time  and  money  in  cleaning  out  dirt  and  inert  matter, 
weed  seeds,  and  the  light  trashy  stuff  that  nearly  always  remains 
in  seed  when  threshed. 

Finally,  the  farmer  should  buy  good  seed  of  a  desired  and  known 
kind  or  variety,  fully  and  completely  labeled.  He  should  grasp  the 
idea  that  purchased  weed  seeds  and  inert  matter  are  highly  expensive; 
furthermore,  that  buying  ''cheap  seeds"  carelessly,  absolutely 
prevents  one  from  having  any  control  of  the  weeds  upon  the  farm. 
On  and  after  July  1,  1920,  it  will  pay  every  New  York  fanner 
to  buy  his  farm  seeds  of  the  local  dealer,  retailer,  or  State  whole- 
saler, since  they  will  sell  their  grades  of  seed  imder  an  honest  and 
correct  label  as  required  by  the  State  law.  On  the  other  hand, 
if  a  farmer  sends  outside  tiie  State  for  his  seed  he  buys  at  his  own 
peril  because  the  out-state  dealer  sends  seeds  into  this  State  imd^ 
the  freedom  of  interstate  commerce  and  is  inmiune  to  local  prosecution 
except  where  contract  of  sale  is  made  within  the  State.    State  laws 


New  York  Agbicultural  Expbbiment  Station.        643 

do  not  regulate  interstate  commerce,  consequently  the  only  pro- 
tection for  the  farmer  who  sends  for  seeds  outside  the  State  is  the 
reliability  of  the  house  with  which  he  deals. 

PURCHASEBS  MAT  HAVE  SEEDS  TESTED 

Anyone  who  purchases  seeds  ior  his  own  planting  purposes  may 
have  them  tested  free  of  charge  acoordingto  the  rules  and  regulations 
for  seed  testing  adopted  by  the  Station  officials  as  given  on  page  545. 
However,  no  person  should  send  samples  for  testing  until  he  is 
familiar  with  the  rules  for  the  sending  of  such  samples.  Since  the 
seed  law  is  primarily  a  labeling  law  it  should  be  entirely  possible 
for  the  purchaser  to  rely  quite  largely  upon  the  label  statements 
found  upon  the  lots  of  seed  in  the  hands  of  the  local  dealer  or  other 
persons  favorably  known  to  the  purchaser.  Plainly  it  should  not 
be  the  fimction  of  the  Station  seed  laboratory  to  be  continually 
retesting  labeled  goods  or  recogniised  brands  or  lots  of  seeds  found 
upon  the  market  when  there  is  no  evidence  to  show  that  such  label 
statements  are  incorrect,  or  where  the  date  of  the  germination  test 
does  not  show  sufficient  time  to  have  elapsed  to  effect  materially 
the  germinative  ability  of  the  seeds. 

Uf  in  any  case,  the  purchaser  of  seeds  has  good  and  sufficient 
reason  to  beUeve  that  the  label  markings  are  not  true  statements 
of  facts  concerning  the  seed,  or  that  sufficient  time,  as  shown  by  the 
date  of  the  test,  has  elapsed  to  effect  materially  the  viability  of  the 
seed,  he  may  have  them  tested  free  of  charge  according  to  Rule  8, 
page  646. 

Samples  sent  in  for  testing  will  be  reported  upon  strictly  in  the 
order  in  which  they  are  received.  The  report  will  include  a  statement 
of  the  purity  of  the  sample,  that  is,  it  will  give  the  percentage  of 
pure  seed,  the  percentage  of  weed  seeds,  the  percentage  and  char- 
acter of  the  inert  matter,  and  the  number  per  pound  of  crop  seed  of 
noxious  weed  seeds  present. 

The  percentage  of  germination,  or  the  number  of  seeds  per  100 
selected  just  as  they  come  which  will  sprout  in  the  normal  number 
of  da3rs,  will  be  stated  on  the  report  if  a  germination  test  is  requested. 
The  percentage  of  hard  seeds,  that  is,  those  seeds  which  remain  hard 
(having  neither  sprouted,  swollen,  nor  decayed)  at  the  end  of  the 
test  period  will  also  be  given. 
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When  it  seems  to  the  interest  of  the  fanner  or  purdiaser  to  dose, 
some  additional  remarics  or  comments  as  to  the  oonditiim  or  quality 
of  the  seed  will  be  made  upon  the  report. 

PROVISIONS  FOR  SEED  TESTS 

The  seed  law  grants  permission  to  the  New  Yoik  Agricultural 
Ejcperiment  Station  at  Geneva  to  establish  and  maintain  a  seed 
laboratory  with  necessary  equipment,  and  to  employ  competent 
analysts  to  make  analyses  and  tests  of  samples  of  seeds  ooUected 
under  the  provisions  of  the  seed  law.  Since  1006,  this  Station  has 
made  tests  of  seeds  voluntarily  and  free  of  chaxge  for  fanners  or 
purchasers  of  seed  when  the  sample  and  the  accompanying  request 
for  a  test  bore  every  evidence  of  being  deored  by  the  prospective 
sower  of  the  seed.  Samples  in  increasing  numbers  and  to  the  extent 
of  several  hundred  per  year  have  been  tested  under  this  potiqr. 
It  is  to  be  hoped  that  fanners  in  increasing  numbers  will  appreciate 
and  will  continue  to  take  advantage  of  the  facilities  offered  by  the 
seed  law  in  a  provision  for  a  seed  testing  laboratory  where  tfadr 
seeds  may  be  tested.  Means  and  faciUties  have  not  been  available 
with  which  to  undertake  testing  for  seed  dealers  and  the  general 
seed  trade.  Since  1912,  when  the  first  seed  law  was  enacted  in  this 
State,  samples  collected  officially  from  tiie  open  market  have 
been  analysed  at  this  Station  as  provided  for  in  the  law,  however, 
no  provision  was  made  for  the  operation  of  a  seed  testing  laboratory. 

Provision  is  also  made  in  the  new  law  whereby  any  citiien  of  the 
State  shall  have  the  privilege  of  submitting  to  the  seed  laboratoiy 
at  the  New  York  Agricultural  Experiment  Station  at  Geneva, 
samples  of  agricultural  seeds  for  test  or  analysis.  This  priviloge  is 
subject,  however,  to  such  rules  and  regulations  as  may  be  adopted 
by  the  Director  and  Board  of  Control  of  said  Station.  These  officials 
are  granted  power  to  make  such  rules  and  regulations  as  may  from 
time  to  time  become  necessary  to  protect  the  seed  laboratory  and  to 
facilitate  service  for  the  greatest  number  of  people  by  limiting  the 
number  of  samples  tested  for  any  one  individual  in  a  given  time, 
and  also  to  fix  the  fee  charged  for  making  tests  of  samples  other  than 
those  tested  free  of  chaige. 

Rules  and  regulations  adopted  by  the  Director  and  Board  of 
Control  of  the  Station  for  the  use  of  the  seed  testing  laboratory 
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are  given  below.  Unless  these  rules  and  regulations  are  strictly 
observed  delay  in  testing  will  result,  or  the  samples  may  receive 
no  attention  at  all.  No  tests  will  be  made  for  persons  violating 
any  of  the  regulations. 

BXJLE8   AND   RBQULATIONS   OOVBBNINO   THB   TESTINa   OF  8BBDB   FOB 

PUBITT  AND  GERMINATION  ^ 

1.  The  kinds  of  seeds  that  will  be  tested  are  those  specified  in  the 
Seed  Law  and,  in  addition,  the  seeds  of  garden  and  truck  crop  plants. 

2.  Samples  to  be  tested  should  be  drawn  in  such  a  way  as  to  be 
fairly  representative  of  the  bulk  lot  of  seed  from  which  they  are 
taken. 

3.  Only  samples  which  are  of  sufEicient  size  for  taking  a  repre- 
sentative testHsample  will  be  analyzed  or  tested.  The  TninimnTn 
weight  of  seed  forwarded  for  test  should  be  approximately: 

(a)  One  ounce  of  grass  seed  of  any  kind  or  of  white  and  alsike 
clover; 

(b)  Two  ounces  of  red  and  crimson  clover,  alfalfa,  millet,  flax, 
or  seed  of  like  size; 

(c)  One-half  pound  of  cereals  or  seed  of  like  size. 

4.  E2ach  sample  must  bear  an  identification  mark,  the  name  of  the 
kind  of  seed,  and  the  name  and  address  of  the  sender.  Also,  it  must 
be  accompanied  by  a  statement  of  what  is  desired  —  whether  a 
purity  test,  a  germination  test,  or  both. 

Samples  sent  by  mail  or  express  must  be  fully  prepaid  and  should 
be  enclosed  in  stout  contabers  which  will  insure  their  arrival 
unbroken. 

Address  all  samples  and  correspondence  relating  thereto  to  the 
Seed  Laboratory,  New  York  Agricultural  Experiment  Station, 
Geneva,  N.  Y. 

5.  The  name  of  the  Station,  of  the  Seed  Laboratory,  or  of  a  Station 
ofiBdal  must  not  be  used  for  advertising  purposes  in  connection  with 
the  report  issued  upon  any  sample  of  seed. 

The  data  on  the  report  may  be  copied  onto  a  tag  or  label  for  the 
purpose  of  a  declaration  of  sale,  but  the  party  doing  this  thereby 
guarantees  that  the  quality  of  the  seed  to  which  such  label  is  attached 
equals  that  indicated  by  the  label. 

^  Adopted  by  the  Director  and  Board  of  Control  of  the  New  York 
Experiment  Station,  June  1,  1020. 
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6.  Samples  of  seed  grown  by  residents  of  New  York  State  for  their 
own  use  will  be  tested  free  of  charge.  Such  samples  must  be  acoom- 
panied  by  a  statement  that  the  test  is  not  desired  for  use  in  a 
declaration  of  sale  or  for  purposes  of  labeling,  but  for  guidance  in 
planting. 

7.  For  aU  tests  the  results  of  which  are  to  be  used  for  declaratioDB 
of  sale  or  for  labeling  purposes,  a  fee  will  be  charged  as  foUows: 
For  purity  tests  of  special  mixtures  and  all  grasses  (except  timothy 
and  the  cereal  grains),  one  dollar  each;  for  purity  tests  of  timothy, 
cereal  grains,  and  all  other  kinds  of  crop  seeds  (except  grasses),  fifty 
cents  each;  for  all  germination  tests,  twenty-five  cents  each. 
Remittance  should  be  made  by  money  order  payable  to  the  State  of 
New  York. 

8.  Only  under  special  circumstances  which  seem  to  justify  such 
analyses  in  order  to  check  guarantees,  will  the  Station  make  tests 
(other  than  the  regular  official  tests)  of  labeled  seeds  offered  for 
sale  upon  the  market.  Persons  making  request  for  such  tests  should 
state  fuUy  their  reasons  therefor  and  furnish  the  following  infor- 
mation in  addition  to  that  required  under  paragraph  4: 

(a)  Name  and  address  of  the  party  offering  the  seed  for  sale; 

(b)  A  complete  copy  of  the  label  on  the  seed; 

(c)  The  commonly  accepted  name  of  the  seed,  its  variety,  and  place 
where  grown,  if  known. 

9.  No  more  than  five  samples  will  be  tested  free  for  any  one 
person  in  any  calendar  month,  but  such  persons  may  have  additional 
samples  tested  upon  payment  of  the  required  fees.  To  avoid  errors 
and  consequent  delays  in  testii^g,  senders  of  samples  should  keep 
a  record  of  their  sendings. 

10.  No  notice  will  be  taken  of  samples  which  are  unaccompanied 
either  by  a  fee  or  the  statement  required  for  free-test  samples  as 
given  in  paragraph  6. 


SHOULD  THE  ORCHAKD  BE  FERTH^IZED?* 

J.  D.  LUCKETT 

Twenty-four  years  ago  a  fertilizer  experiment  with 

The  need  of  Rome  Beauty  apples  was  begun  on  the  Station 

orchard       farm.    After  fifteen  years,  those  in  charge  of  the 

fertilizer       experiment  reported  that  the  trees  "  would  have 

P     experiments    been  practically  as  well  off  had  not  an  oimce  of 

fertiUzer  been  applied  to  them.  One  must  conclude 
that  if  fertilizers  have  no  value  in  this  orchard,  they  have  no  value 
in  many  other  orchards  in  New  York." 

The  question  naturally  arises  as  to  what  extent  these  conclusions 
are  applicable  to  other  soil  conditions  in  the  State  and,  consequently, 
a  number  of  representative  orchards  were  chosen  for  more  extended 
fertilizer  tests.  In  all,  three  apple  orchards  and  one  orchard  each 
of  cherries  and  pears  were  selected.  A  study  has  also  been  made 
of  the  effect  of  fertilizers  on  apple  nursery  stock  and  on  grapes. 

The  complete  bulletin  describes  in  detail  the  fertilizing  practice 
followed  in  each  case  and  reports  the  progress  of  the  experiments 
for  the  period  of  1912  to  1919. 

Unlike  experiments  with  field  crops  which  can  be  conducted  imder 
more  or  less  controlled  conditions  on  account  of  the  small  size  of 
the  individual  plant,  orchard  investigations  do  not  lend  them- 
selves to  study  under  exact  conditions  because  the  tree  is  of  particular 
interest  only  after  it  has  come  into  full  bearing.  Trees  undoubtedly 
require  the  same  plant  food  elements  as  do  other  crops,  but  the 
proportions  and  amounts  which  will  give  the  best  lesults  under 
any  particular  set  of  conditions  is  quite  a  different  matter. 

While  comparatively  little  is  known  concerning  the  food  require- 
ments of  fruit  trees,  it  is  probable  that  if  a  fertilizer  experiment 

*  Reprint  of  Popular  Bulletin  No.  477,  July,  1020.  Thef  Complete  Bulletin  is 
wpi  luted  on  p.  52. 
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could  be  continued  over  a  long  period  of  time  —  say  100  years  — 
the  exhaustion  of  the  plant  food  reserve  might  become  apparent 
in  even  the  most  fertile  soils  and  with  the  best  cultural  conditions, 
providing  no  plant  food  was  returned  to  the  soil.  Just  when  this 
would  take  place  would  depend  on  many  factors  such  as  the  natural 
fertility  of  the  soil,  the  size,  kind,  and  number  of  crops  removed, 
the  fertility  replaced  either  as  fertilizer  or  as  crop  residues,  loss  of 
fertility  thru  drainage,  etc.  The  maintenance  of  fertility  in  the 
orchard,  therefore,  may  not  be  of  vital  importance  to  the  present 
orchard-man,  but  it  may  be  a  very  serious  problem  with  succeeding 
generations. 

Orchard   experiments   are   also   subject   to    many 

Difficulties     factors  affecting  the  accuracy  of  the  results  which 

encountered    do  not  enter  into  field  crop  experiments.    The  most 

in  orchard     important  of  these  are  the  lack  of  uniformity  of  the 

experiments    soil  in  the  large  areas  required  in  orchard  work; 

differences  in  the  size,  vigor,  and  character  of  the 
individual  trees;  the  necessity  of  basing  conclusions  on  the  perform- 
ance of  a  relatively  small  number  of  trees;  the  difficulty  of  duplicating 
the  fertilizer  treatments  due  to  lack  of  uniformity  in  the  soil;  possible 
differences  in  the  productiveness  of  trees  from  unknown  stock; 
and  the  general  imcertainty  of  cooperative  experiments  where  the 
investigator  cannot  be  present  to  supervise  all  the  various  operations. 

A  review  of  investigations  conducted  in  different 

Other         parts  of  this  country  and  in  Europe  shows  a  wide 

experiments    variation  in  the  results  secured  following  the  use 

with  of  fertilizers  in  orchards.    The  principal  elements 

fertilizers  in    which  enter  into  fertilizers  to  be  used  in  the  orchard 

the  orchard    are  nitrogen,  phosphorus,  potassium,  and  lime,  so 

that  the  importance  of  these  and  of  manure  in 
growth  and  fruit  production,  as  indicated  by  the  res\ilts  of  other 
investigators,  has  been  studied  in  some  detail 

Summing  up  the  results  obtained  by  these  other  workers  it  is 
concluded  that  fertilizer  tests  with  fruit  trees  have  not  given  uniform 
results  and  that  the  problem  of  orchard  fertilization  is  not  yet  solved. 
Different  species  of  fruit  also  appear  to  differ  in  their  response  to 
fertilizers.  Furthermore,  the  conditions  under  which  the  various 
experiments  were  conducted  have  been  so  different  that  the  results 
are  scarcely  comparable. 

Information  relative  to  the  present  experiments  is 

Location       given  in  Table  1  in  connection  with  which  it  should 

of  present     be  stated  that  these  orchards  were  selected  with 

experiments    the  following  requirements  in  view:   Uniformity  as 

to  drainage,  topography,  and  character  of  soU; 
uniformity  as  to  age  and  vigor  of  trees;  and  with  reference  to  previous 
management. 
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Tablb  1. —  Inpormation  Rblatdto  to  thb  Pbssbnt  Ezpebiubmtb. 


FIbuit 


Apple 

Apple 

Apple 

Pear 

Cherry. . . 
Nnrecry 
stock, 
apples.. 
Grape — 


Obcbabd 

Location 

Densmore-Chapman 

Auchter-Vick 

Great  Bear 

Howard 

O'NeU 

Smith  Nursery 
Stone  Vineyard 

Albion 

Rochester 

Fulton 

Kinderhook 

Geneva 

Geneva 
Frodonia 

Cbaractbb 

OF 
SOIL 


Reddish  sandy  loam 

Loam 

Stony  sandy  loam 

Sand  to  sandy  loam 

Loam 


Clay  loam 
Shale  loam 


Num- 
ber 

OF 
TREES 


264 
230 
252 
5(H 
528 


6,600 
4  acres 


AOB  OF 
TREES  AT 
BEGINNINQ 
OF  EXPERI- 
MENT 


38  years 

37  years 

4  years 

Just  set 

6-6  years 


Year 

EXPERI- 
MENT 

BEGAN 


1912 
1014 

1013 
1012 
1913 


1912 
1912 


General 

plan  of 

treatment 


Evidence  is  available  from  various  sources  which  demonstrates  the 
importance  of  care  in  the  selection  of  the  experimental  tract  and  the 
necessity  of  repeating  the  experiments  over  a  long  period  of  years 
before  dififerences  between  variously  treated  plats  can  be  regarded  as 
significant.  The  present  report  on  these  experiments  is,  therefore,  an 
accotmt  of  progress  only,  and  merely  indicates  what  these  orchards 
may  be  expected  to  do  imder  the  system  of  fertilization  outUned. 

The  practice  of  orchard  fertilization  has  varied  from 
no  fertilizer  to  the  application  of  large  amounts, 
while  experimental  evidence  of  the  best  amount  is 
quite  meagre  or  lacking  altogether.  It  was  thought 
that  a  study  of  the  amoimt  of  plant  food  removed 
from  the  soil  by  the  various  fruits  would  aid  in  the  formulation 
of  a  rational  fertilizer  treatment.  The  fertilizer  applications  outUned 
in  Fig.  46  are  based,  therefore,  on  information  secured  from  other 
experiments,  on  the  composition  of  the  crop  removed,  and  on  general 
fertilizer  practice.  The  amount  of  plant  food  given  in  each  case 
is  thought  to  represent  a  suflScient  supply  for  full  crop  production 
and  for  the  maintenance  of  soil  fertility.  This  plan  of  treatment 
was  modified  in  some  instances  to  meet  special  conditions. 

Owing  to  the  high  price  and  scarcity  of  potash  during  the  war  this 

element  was  not  applied  to  these  orchards  during  1916  and  1917.   Also, 

during  these  two  years,  dried  blood  was  substituted  for  nitrate  of  soda. 

Records  were  taken  of  the  increases  in  trunk  diameter  and  of  the 

3deld8  of  fruit  for  the  different  fertiUzer  plats. 

The  Densmore-Chapman  orchard  is  a  Baldwin 
apple  orchard  and  is  located  on  a  fertile  i  eddish 
loam  soil  containing  a  considerable  amoimt  of  sand. 
The  subsoil  is  quite  similar  to  the  smface  soil. 
The  trees  in  this  orchard  originally  stood  33  by  33 
feet,  but  several  years  before  the  experiment  began 
all  but  eight  rows  were  thinned  to  stand  47  by 
66  feet.    In  1918/  the  remaining  eight  rows  were  also  thinned.    The 


The 

Densmore- 

Cbapiiian 

apple 

orchard 
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orchard  was  kept  in  sod  up  to  1910  and  received  about  10  loads  of 
manure  once  in  two  years.  In  1912,  1913,  and  1914,  red  clover  was 
used  as  a  cover  crop;  in  1915,  1916,  and  1917,  alfalfa;  and  in  1918, 
alsike  clover.    During  1913  to  1916  the  orchard  was  divided  into 

No.  OF 
PLAT 


1 

45  lbs.  nitrogen  from  nitrate  of  soda.* 
25  lbs.  phosphorus  from  acid  phosphate. 
100  lbs.  potassium  from  muriate  of  potash. 

2 

No  treatment. 

3 

45  lbs.  nitrogen  from  nitrate  of  soda. 
40  lbs.  phosphorus  from  acid  phosphate. 
50  lbs.  potassium  from  muriate  of  potash. 

4 

45  lbs.  nitrogen  from  nitrate  of  soda. 
40  lbs.  phosphorus  from  acid  phosphate. 

5 

45  lbs.  nitrogen  from  nitrate  of  soda. 

6 

No  treatment. 

7 

40  lbs.  phosphorus  from  acid  phosphate. 
50  lbs.  potassium  from  muriate  of  potash. 

8 

40  lbs.  phosphorus  from  basic  slag. 

50  lbs.  potassium  from  muriate  of  potash. 

9 

120  lbs.  phosphorus  from  raw  rock  phosphate. 
50  lbs.  potassium  from  muriate  of  potash. 

10 

No  treatment. 

11 

40  lbs.  phosphorus  from  acid  phosphate. 
2  tons  ground  limestone  once  in  3  years. 

*  Pounds  per  acre. 

Fio.  46. — Arranqembnt  and  General  Tseatment  of  the  Plats. 

two  equal  parts  cross-wise  of  the  plats  and  the  cover  crop  allowed 
to  remain  one  year  on  the  north  half,  while  the  same  year  the  south 
half  was  clean  cultivated.  A  cover  crop  was  then  sown  on  the 
south  half  in  the  late  summer  and  the  following  spring  the  whole 
orchard  was  plowed  and  tilled  during  the  season  and  the  cover 
crop  sown  as  usual,  while  the  next  spring  the  south  half  was  left 
and  the  north  half  tilled,  etc.  However,  the  whole  orchard  was 
tiUed  in  1916,  1917,  1918,  and  1919. 

The  orchard  bore  only  fairly  well  up  to  1908,  while  the  average 
yield  for  the  period  of  1908  to  1912  was  about  300  bairels  per  year. 
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The  yields  of  fruit  obtained  from  the  variously  treated  plats  have 
been  very  irregular  so  far  as  showing  any  particular  benefit  from 
the  different  fertilizer  treatments.  In  a  general  way,  it  appears 
that  nitrogen  alone  or  combinations  of  fertilizers  containing  nitrogen 
have  increased  the  yields,  but  comparisons  between  the  combinations 
themselves  have  been  so  peculiar  that  the  value  of  fertilization  in 
this  orchard  has  not  been  proved. 

In  addition  to  data  on  total  yields,  observations  were  also  made 
on  the  relative  yields  of  first  grade  fruit  and  of  culls,  on  the  size 
of  fruit  for  the  three  years  of  largest  crop  production,  and  on  the 
increase  in  trunk  diameter. 

To  summarize  the  results  secured,  it  may  be  stated  that  up  to 
the  present  time  fertilization  has  not  given  returns  sufficient  to 
justify  the  necessary  outlay  for  the  fertilizers  and  for  the  labor 
involved  in  their  application.  The  yield,  which  is  of  first  importance 
to  the  orchardisty  was  not  consistently  increased,  there  was  no 
marked  improvement  in  the  color  or  size  of  the  fruiti  and  the  growth 
increases,  as  indicated  by  trunk  diameter,  were  quite  small. 

The  Vick  and  Dildine  orchard  for  10  years  previous 

The  Vlck  and  to  the  inauguration  of  the  fertilizer  experiments 

DiliUne       had  been  used  in  a  sod  and  tillage  experiment, 

apple         conducted  by  the  Department  of  Horticultiu*e  of 

or^ard       this  Station,  so  that  an  accurate  record  of  its  perf  onn- 

ance  for  that  time  is  available.    The  orchetrd  is  a 

Baldwin  apple  orchard  and  is  located  on  a  fertile  loam  soU  with  a 

sandy  subsoil.    The  trees  stand  40  by  40  feet.    Red  clover  has 

been  used  as  a  cover  crop,  and  the  practice  of  leaving  one-half  of 

the  orchard  in  clover  during  alternate  years  has  been  followed  up 

to  1919.    The  orchard  has  been  fairly  productive. 

With  regard  to  the  yields  secured  from  the  different  fertilizer 
treatments,  the  results  have  been  erratic  and  are  inconsistent  when 
the  treatments  are  compared.  There  was  also  very  Uttle  coimection 
to  be  seen  between  fertilizer  treatment  and  the  percentage  of  good 
fruit  and  culls.  Nitrogen  seemed  to  increase  trunk  growth  to  a 
small  extent,  while  three  different  forms  of  phosphorus  in  combination 
with  potash  had  no  effect. 

The  most  striking  fact  observed  in  the  results  with  this  orchard 
was  the  apparent  non-response  to  fertilizers  in  general.  The 
accidental  and  chance  differences  in  the  results  were  greater  than 
any  cUfferences  which  could  be  attributed  to  the  fertilizers. 

The  Great  Bear  orchard  is  a  Northern  Spy  orchard 

The  and  is  located  on  a  stony,  sandy  loam  soil  with  a 

Great  Bear    sand  and  gravel  subsoil.    The  trees  stand  40  by 

apple         40  feet.    The  orchard  has  not  yet  borne  a  crop  of 

orchard       apples,  and  altho  it  has  not  had  the   care  that  a 

yoimg  orchard  should  have,  the  trees  are  of  good 

size  and  vigor. 
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The  only  data  available  up  to  the  present  time  relate  to  the 
increase  in  trunk  diameter  on  the  different  fertilizer  plats.  There 
appears  to  have  been  an  increase  in  growth  <m  all  the  fertilizer 
platSi  altho  when  the  effects  of  the  various  combinations  of  fertilizers 
are  compared  the  increases  are  not  consistent.  Phosphorus  appar- 
ently increased  growth  more  than  nitrogen  alone,  while  basic  slag 
increased  growth  more  than  acid  phosphate  or  rock  phosphate. 

The    O'Neil    orchard    is    a   Montmorency    cherry 

The  O'Neil    orchard  and  adjoins  the  Experiment  Station  farm 
cherry        at  Gleneva.    It  is  situated  on  a  very  stony,  some- 
orchard       what  sandy  loam  soil  and  had  received  no  fertilizers 
previous  to  the  beginning  of  the  experiment.    Tlie 
trees  stand  18  by  18  feet. 

PIlFertilizers  have^  in  general,  increased  the  j^idd  of  cherries  in 
this  orchard,  particularly  those  fertiUzers  containhig  nitrogen. 
Basic  slag  and  raw  rock  phosphate  seemed  to  be  superior  to  add 
phosphate,  but  the  differences  were  rather  insignificant  However, 
from  a  practical  standpoint,  the  application  ot  fertilizers  to  Ifais 
orchard  has  been  unprofitable. 

The  fertilizers  applied  to  the  complete  fertilizer  plat  (Fig.  46\ 
which  gave  the  la^pest  increase  in  yield,  cost  $9.70  per  year  with 
nitrate  of  soda  at  $75,  acid  phosphate  at  $25,  and  muriate  of  potash 
at  $120  per  ton.  An  additional  charge  dt  65  cents  for  mixing  and 
applying  the  fertilizer  makes  the  total  cost  of  treatment  for  tins 
plat  $10.35.  The  increased  crop  was  estimated  at  25  pounds  per 
tree  for  the  seven  years,  1913  to  1919.  Using  16  trees  per  plat  as 
an  average,  there  was  a  total  increase  of  400  pounds,  or  about  60 
pounds  per  year.  With  cherries  at  10  cents  per  poimd,  the  value 
of  the  increased  yield  was  $6.00,  as  compared  with  a  cost  of  producing 
the  increase  of  $10.35. 

The  fertilizer  treatments  increased  the  mid-trunk  diameter  of 
the  trees  in  every  case. 

The  Howard  pear  orchard  is  a  Kieffer  orchard  and 

The  Howard  is  situated  on  a  fine  sand  to  sandy  loam  soil  of 

pear  considerable  depth  with  a  sand  and  gravel  subsoil. 

orchard       The  trees  are  set  20  by  20  feet.    The  only  fertilizer 

the  trees  had  received  previous  to  the  beginning 

of  these  experiments  was  two  f orkfulls  of  manure  per  tree  at  time 

of  setting.    The  orchard  has  been  under  cultivation  thruout  the 

experiment.    There  has  been  no  crop  worth  recording  up  to  the 

present  time. 

With  regard  to  the  increase  in  mid-trunk  diameter  on  the  variously 
fertilized  plats,  the  results  have  been  so  erratic  that  no  definite 
conclusions  have  been  reached,  altho  it  is  evident  that  fertilizers 
have  not  affected  the  diameter  growth. 
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The  production  of  nursery  stock,  where  from  5,000 

Experiments   to  10,000  trees  are  grown  on  an  acre  of  land, 

with  apple     undoubtedly  makes  a  heavy  drain  on  the  reserve 

nursery       fertility  of  the  soil.    It  is  essential,  therefore,  that 

stock         the  soil  be  fertile,  well  drained,  and  weU  supplied 

with  organic  matter.    The  experiments  conducted 

in  the  Smith  nursery  (Table  1)  were  planned  to  show  the  effect 

of  fertilizers  in  hastening  the  growth  of  apple  nursery  stock.    The 

nursery  is  located  on  a  fertile,  tile-drained,  clay  loam  soil.    The 

plan  of  treatment  (Fig.  47)  was  somewhat  different  from  that  followed 

in  the  orchard  experiments. 

No.  OF 
PLAT 


1 

1,000  pounds  acid  phosphate.* 

2 

No  teeaiment. 

3 

2,000  poundfl  rock  phosphate. 

4 

4,000  pounds  rock  phosphate. 

5 

16  tons  manure. 

6 

No  treatment. 

7 

2,000  pounds  rock  phosphate  and  16  tons  manure. 

8 

2,000  pounds  rock  phosphate  and  500  pounds  muriate  potash. 

9 

500  pounds  muriate  of  potash. 

10 

No  treatment. 

11 

4,000  pounds  rock  phosphate  and  2  tons  limestone. 

*  Pounds  per  acre. 

Feo.  47. — Plait  or  TaxAiiaMT  m  Applb  Nubsbbt  Expebudbnt. 

The  treatments  above  outlined  were  given  only  once,  in  1912, 
when  the  experiment  was  begmL  In  the  spring  of  1913  and  again 
in  1914,  one-half  of  each  plat  was  given,  in  addition,  300  pomids 
of  nitrate  of  soda  per  acre. 

There  were  20  rows  of  Baldwins,  8  rows  of  Mcintosh,  and  7  rows 
of  Oldenbm-g  apples  in  the  fertilizer  experiment.  In  the  fall  of 
1914  all  the  trees  were  caUpered  and  averages  taken  for  each  plat. 

From  the  results  secured  it  appears  that  tihe  Baldwins  made 
larger  trees  than  either  the  Mcintosh  or  Oldenburg.  The  only 
positive  effects  of  fertilizers  on  tree  growth  were  obtained  on  Plats 
7y  8,  9,  and  11.    Rock  pho^hate  and  manure  and  rock  phosphate 
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and  potash  increased  the  growth  of  bofli  Mcintosh  and  Baldwfai 
stock.  Potash  alone  hicreased  the  growth  of  Mcintosh  but  not 
of  Baldwin.  In  no  case  has  nitrate  of  soda  given  a  significant 
increase  in  growth.  It  is  concluded  that  nitrogen,  either  as  nitrate 
or  in  manure,  has  not  increased  the  growth  of  nursery  trees. 

As  the  grape  industry  developed  in  past  years  in 

The  this  State,  the  vineyards  have  been  extendi  to 

vineyard       the  poorer  soil  types  on  the  higher  elevations  where 

experiment    the  soil  is  poorly  drained,  often  quite  stony,  and 

the  surface  soil  shallow.  Since  the  general  character 
of  the  soil  in  these  poorer  vineyards  is  such  an  important  factor, 
it  was  thought  that  the  production  of  grapes  might  be  made  more 
profitable  if  a  systematic  method  of  soil  improvement  were  adopted 
either  before  or  at  the  time  the  vineyard  was  set  out,  followed  with 
good  treatment  afterward.  With  this  object  in  view,  an  experimental 
tract  was  selected  on  a  shale  loam  soil  near  Fredonia.  The  tract 
was  tile  drained  in  the  early  spring  of  1912  and  was  then  plowed, 
one-half  about  12  inches  deep  crosswise  of  the  plats  and  the  other 
half  to  the  ordinary  7-inch  depth. 

Each  plat  consists  of  two  rows  of  vines  320  feet  long  with  8| 
feet  between  rows  and  8  feet  between  the  vines  in  the  row.  The 
arrangement  and  treatment  of  the  plats  is  shown  in  Fig.  48. 

The  phosphates  were  applied  in  the  summer  of  1912,  one-half  of 
each  before  and  one-half  after  plowing,  and  in  the  spring  of  1913 
the  limestone  was  appUed.    The  roots  were  set  in  1913,  after  which 

No.  OF 
PLAT 


1 
2 

3 


2,000  pounds  rock  phosphate.* 


4,000  pounds  rock  phosphate. 


Check. 


Complete  fertiliier  annually  after  setting:    200  pounds  aeid  phosphate, 
250  pounds  nitrate  of  soda,  and  50  pounds  muriate  of  potash. 


6 
6 

7 
8 
0 


2,000  pounds  acid  phosphate. 


2,000  pounds  acid  phosphate  and  4  tons  limestone. 


Check. 


4,000  pounds  rock  phosphate  and  4  tons  limestone. 


4  tons  limestone. 


*  Pounds  per  acr«. 

Fia.  48.^  Plah  ov  Tbba31i»9t  in  VnnTABn  KxrammHT. 
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the  whole  vineyard  received  an  application  of  two  tons  of  ground 
limestone  per  acre  except  one-half  of  each  check  plat.  The 
vineyard  has  been  well  cared  for,  cultivated  each  year,  and  a  cover 
crop  sown  late  in  the  summer.  Marked  differences  were  noted  in 
the  growth  of  the  cover  crops  on  the  treated  and  untreated  plats, 
that  on  the  check  plats  being  quite  poor.  The  vines  began  to 
bear  in  1915  and  have  borne  each  year  since. 

The  complete  fertilizer  has  given  a  considerable  increase  in 
yield,  but  with  this  exception  it  is  concluded  that  other  factors 
besides  the  fertilizers  used  have  been  responsible  for  the  variations 
in  yield.  Due  to  the  fact  that  complete  fertilizer  has  increased 
the  3deld,  it  is  thought  that  possibly  available  nitrogen  is  an 
important  factor  in  this  vineyard.  Consequently,  a  new  plan  of 
treatment  has  been  outlined  which  will  introduce  this  factor  and 
which  will  at  the  same  time  show  the  effect  of  manure  and  potash. 

So  far  as  positive  results  are  concerned,  the  experi- 

Summaiy      ments   to   date  have   been   disappointing.    Other 

and  factors  evidently  have  masked  any  differences  which 

conclusions    may  have  been  due  to  the  fertilizers  appUed.    Trees 

which  have  not  received  good  care,  orchards  on 
poor  soQs,  and  orchards  which  must  compete  with  other  crops  for 
plant  food  undoubtedly  respond  to  the  addition  of  available  plant 
food  as  indicated  by  -other  experiments.  However,  the  orchards 
used  in  these  experiments  are  evidently  not  of  that  sort  and  many 
years  of  fruit  production  may  be  necessary  before  they  show  lack 
of  available  plant  food. 

Several  of  the  soils  used  in  these  investigations  were  expected  to 
respond  to  fertilizer  treatment  with  fruit  trees,  but  at  present  it 
must  be  concluded  that  on  the  better  fruit  soils  of  this  State  fertilizers 
have,  in  general,  failed  to  give  differences  in  tree  growth  and  fruit 
yields  wUch  can  be  readily  distinguished  from  differences  due  to 
other  causes. 


THE    COST  OF  PEODUCING  GRAPES    IN    THE 
CHAUTAUQUA  AND  LAKE  ERIE  FRUIT  BELT* 

J.  D.  LUCKETT 

The  grape  grower  and  the  large  users  of  grapes 

Cost  of        have  long  differed  as  to  what  constitutes  a  fair 

production  an  price  for  the  crop.    Unquestionably  the  selling  price 

aid  in         should  depend  primarily  upon  the  cost  of  production, 

determining    but  an  uncertain  demand  from  year  to  year  and 

selling  price    a  lack  of  definite  information  as  to  what  the  crop 

actually  cost  the  grower  have  tended  to  render 
the  market  very  unstable.  Accurate  data  as  to  the  cost  of  various 
operations  entering  into  the  growing  and  harvesting  of  the  grape 
crop  are  very  difficult  to  obtain  due  to  the  fact  that  no  two  vineyaids 
are  handled  in  exactly  the  same  way.  However,  a  careful  study 
of  the  costs  incurred  in  operating  plantings  worked  in  a  similar 
manner  should  show,  in  a  geneiul  way,  what  constitutes  a  fair 
charge  for  the  vajious  items  involved  in  vineyard  management 
and  should  aid  both  the  grower  and  the  buyer  in  arriving  at  an 
equitable  price. 

Niunerous  factors  must  be  taken  into  consideratian 
Factors        in  estimating  the  cost  of  producing  grapes.    For 
affecting       convenience  these  may  be  divided  into  three  general 
cost  of        groups    as    follows:     (1)    Maintenance    induding 
production     interest  on  investment,  taxes  and  insurance,  fertil- 
izers, posts  and  wire,  green  maniu^  seed,  spray 
materials,  and  vine  replacements.     (2)   Labor  induding  pruning 
spra3dng,   trellis   repair,   tying,   and.  cultivating.      (3)    Harvesting 
including  picking,  hauling,  and  containers. 

Methods  of  vineyard  management  vary  to  such  an  extent  that 
certain  of  these  items  would  not  enter  into  the  calculation  in  some 


*  Reprint  of  Popular  Bulletin  No.  479,  December,  1920.    The  Complete  BuHetm 
is  reprinted  on  p.  413» 
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vineyards;  whfle,  in  other  cases,  items  not  mentioned  here  would 
require  consideration.  For  example,  an  interview  made  in  1909 
with  some  500  growers  in  the  Chautauqua  and  Lake  Erie  fruit  belt 
showed  that  there  was  considerable  difference  in  the  fertilizer  practice 
and  tillage  methods  followed  in  that  section.  The  investment  in 
poets,  wire,  tools,  etc.  varied  from  year  to  year  in  the  same  vineyard 
and  to  a  much  greater  degree  in  different  vineyards  in  the  same 
locality.  The  posts  deteriorate  more  rapidly  in  some  soils  than 
in  others.  Many  growers  spray  r^ularly,  but  the  great  majority 
have  never  done  so.  Pruning  varies  materially  due  to  the  method 
followed. 

The  age  of  the  vineyard  is  an  important  factor  due  to  its  effect 
upon  production.  Extended  observations  in  this  region  indicate 
^lat  the  vineyard  should  be  in  its  prime  at  from  6  to  25  years  of 
age,  altho  most  vineyards  fail  rapidly  after  the  twentieth  year. 
Unfavorable  soil  conditions,  depleted  fertility,  over-cropping,  and 
infestation  of  the  grape-root  worm  all  contribute  to  this  deterioration. 

Data  have  bc^n  obtained  on  the  costs  incurred 

Costs  studied  over  a  period  of  five  years,  1915  to  1919,  for  three 

in  tiiree       vineyards  designated  as  E,  R,  and  S,  respectively, 

vineyards      and   situated   in   widely   separated   parts   of   the 

Chautauqua  and  Lake  Erie  fruit  belt.  Vineyard  E, 
comprisrng  20  acres,  was  located  on  Dunkirk  clay  to  clay  loam 
soil;  vineyard  S,  of  6  acres,  on  Dimldrk  clay  loam  and  gravelly 
loam;  and  vineyard  R,  of  about  8  acres,  on  Dunkirk  clay  to  clay 
loam  soil. 

The  results  of  this  study  are  regarded  only  as  an  indication  of  the 
outgo  and  income  from  vineyards  worked  in  a  similar  maimer  and 
have,  therefore,  a  limited  application.  The  amounts  expended  in 
two  of  the  vineyards  probably  exceed  those  spent  in  the  majority 
of  vineyards  in  this  section  or  in  any  section  of  the  State. 

Unfavorable  climatic  conditions  during  two  of  the  five  years 
influenced  the  amount  of  labor  employ^  in  the  vineyards  and 
also  the  crop  produced.  However,  the  five-year  period  under 
consideration  differed  no  more  in  this  respect  than  did  the  five  years 
immediately  preceding.  It  is  beUeved  that  climatic  hazards  should 
be  isken  into  account  in  determining  the  selling  price  of  grapes. 

Since  vineyards,  similar  to  the  ones  under  observa- 

Chaiges  for    tion,  were  selling  for  $300  per  acre  at  the  time  tliis 
interest        work  was  begun,  it  was  decided  that  this  valuation 

and  labor      would  be  a  fair  one  upon  which  to  base  the  invest- 
ment in  land.    It  was  also  agreed  to  charge  interest 
on  the  investment  at  the  rate  of  6  per  cent. 

In  1915  team  and  man  hire  was  charged  at  the  rate  of  $5.00  per 
day,  single  horse  and  man  at  35  cents  per  hour,  and  day  labor  at 
$2.00  per  day.  These,  rates,  of  course,  increased  materially  during 
the  period  of  study,  and  while  Vineyards  E  and  R  met  the  increases 
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from  year  to  year,  the  rates  paid  in  Vineyard  S  did  not  rise  until 
1918  due  to  a  long-time  contract  which  had  been  made  at  stipulated 
prices. 

In  1019  the  rate  for  team  and  man  in  Vineyard  E  had  advanced 
to  70  cents  per  hour,  for  single  horse  and  man  to  50  cents  per  hour, 
and  for  day  labor  to  40  cents  per  hour.  In  1918  and  1919,  the  owner 
of  this  vineyard  used  a  tractor  for  part  of  the  work  and  this  was 
charged  for  at  the  rate  of  $1.20  per  hour  in  1918  and  $1.40  per  hour 
in  1919.    These  charges  include  the  services  of  the  operator. 

In  Vineyard  R  the  rate  paid  for  team  and  man  advanced  to 
$8.00  per  day,  for  single  horse  and  man  to  60  cents  per  hour,  and 
for  day  labor  to  $4.00  per  day. 

Team  and  man  hire  advanced  to  $6.00  per  ^^y  in  Vineyard  S, 
single  horse  and  n^m  hire  to  $4.50  per  day,  and  day  labor  to  $2.75 
per  day. 

Pruning  was  regarded  as  a  more  speciaUzed  work  than  ordinaiy 
labor  and  was  paid  for  at  the  rate  of  from  5  to  10  cents  per  hour 
more  than  day  labor. 

Women  were  usually  employed  for  spring  t3dng  and  for  picking  and 
were  paid  at  the  rate  of  from  15  cents  per  horn*  in  1915  to  30  cents 
per  hour  in  1919.  Proximity  to  large  towns  tended  to  keep  these 
rates  lower  than  those  paid  for  similar  work  in  more  remote  districts. 

Altho  the  vineyards  studied  were  located  in  widdy 

Comparison    separated  parts  of  the  grape  belt  of  western  New 

of  the         York,  probably  two-thirds  of  the  vineyards  of  the 

vineyards      section  are  on  soils  similar  to  those  of  Vineyards  E 

and  R,  while  a  portion  of  Vineyard  S  is  on  much 
the  same  sort  of  soil.  Consideration  of  the  data  secured  from  these 
vineyards  should  throw  some  Ught,  then,  on  the  principal  factors 
affecting  the  cost  of  producing  grapes  in  tiiis  region. 

In  Table  1  is  given  the  average  amount  expended  both  per  acre 
and  per  ton  in  each  vineyard  for  the  several  items  entering  into 
the  growing  and  harvesting  of  grapes  for  the  five  years,  1915  to 
1919,  inclusive.  From  these  figures  it  is  possible  to  determine  the 
average  cost  of  production;  and,  together  with  the  average  yield 
per  acre  and  the  average  selling  price  per  ton,  to  estimate  the  average 
net  profit. 

It  cannot  be  too  strongly  emphasized  that  results 

Application     secured  in  studies  of  this  sort  are  of  ratiier  limited 

of  the         value  so  far  as  they  may  be  appUed  to  conditions 

results        other  than  those  under  which  they  were  obtained. 

The  imsettled  state  of  prices  for  labor  and  materials 

of  all  kinds  which  existed  during  the  greater  part  of  the  period 

covered  by  these  studies  should  be  taken  into  consideration  by 

the  grape  grower  in  any  attempt  to  apply  l^e  results  to  his  own 
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oanditiGiis,  and  due  allowanoe  should  be  made  for  drcumstanoes 
peculiar  to  his  own  locality  and  to  the  present  time  in  drawing  any 
deductions  from  these  results. 


Tabu  1. —  Avsiuox  Cost  of  Pboduction  and  Avsbaob  Nit  Rstubn  in 

Thbee  Vinetabds,  1915-1919. 


Items 


Interest  on  investment . . . 

Taxes  and  insuranoe 

Fertiliser,  manure,  fime . . . 
Posts,  wire^  wira-ties,  tools, 

etc 

Green  manure  seed 

Spray  materials 

Vines  for  replacement .... 


ACBX  BASIS 


Vine- 
yardE 


S18.00 
1.01 
6.31 

1.39 

1.94 

.85 

.06 


118.00 
3.65 
15.56 

2.86 
2.48 
1.24 


Total  maintenance, 


Pruning 

Brush  disposal 

Trellis  repair 

Tying,  spring 

Plowing,  single-horse. 

Plowing,  team 

Horse  hoeing 

Hand  hoeing 


Clipping  tope 

Summer  tying 

Spraying,  labor 

Applying  fertiliser. . . . 
Green  manure  seeding. 
Miscellaneous 


Total  labor. 


$29.56 


13.44 

1.42 

1.49 

1.64 

.25 

1.99a 

.82 

.70 

3.27 


.90 
.63 
.56 
.61 


Vine- 
yards 


$43.79 


$17.72 


$4,252 

1.742 

2.194 

1.424 

1.820 

1.082 

1.488 

1.224 

4.270 

.231 

.396 

.806 

".'562 
.282 


TOK  BASIS 


Vine- 
yardR 


$18.00 
4.47 
6.31 

2.46 

.71 
.80 
.93 


$13,649 
.769 
6.010 

1.090 

2.413 

.446 

.035 


$33.69 


$24,412 


$21,774 


$3.50 

2.95 

3.03 

2.18 

.80 

1.15 

1.59 

2.16 

6.03 

.38 

.51 

.96 

""!i4 
1.34 


Vine- 
yards 


$26.72 


114.547 


$2,774 

1.000 

1.018 

1.251 

.304 

1.455 

.861 

.825 

3.165 


.513 
.561 
.552 
.267 


Vine- 
yards 


$8,494 
1.733 
7.626 

1.250 

1.169 

.765 


$21.05 


$2,185 
.841 
.991 
.736 
1.036 
.515 
.813 
.591 
2.005 
.112 
.217 
.420 

"*!26i 
.139 


$10.86 


Vine- 
yardR 


$8.15 
2.06 
2.50 

1.24 
.35 
.37 
.39 


$15.07 


$1,606 

1.444 

1.190 

1.002 

.393 

.544 

.698 

.786 

3.130 

.171 

.267 

.467 

.066 
.564 


$12.33 


Total  upkeep, 


$47.28 


$65.56 


$60.41 


$38,959 


$31.91 


Harvesting. 


$13.16 


$17.66 


$18.33 


$8,963 


$6.82 


$27.40 


$7.69 


Total  cost  of  production. . 


$80.44 


$83.22 


$78.74 


$47,922 


$38.73 


$35.09 


Vleld,  tons  per  acre. 


1.81 


2.02 


2.55 


1.81 


2.62 


2.55 


Selling  price  per  ton . 
Net  profit 


$66.48 
39.30 


$66.58 
73.88 


$67.64 
86.76 


$66.48 
18.56 


$66.58 
27.85 


$67.64 
32.54 


a  Includes  charge  for  tractor. 
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With  due  regard  for  the  above  limitations,  it  may  be  stated  that 
the  average  cost  of  production  for  the  three  vineyards  during  the 
five  years  was  $74.13  per  acre,  and  the  average  cost  per  ton  of  grapes 
$40.58.  The  average  net  profit  per  acre  was  found  to  be  $66.64 
and  the  average  profit  per  ton  $26.31.  These  figures  vary  consider- 
ably from  year  to  year  and  in  Vineyard  E  an  actiial  loss  was  sustained 
in  two  of  the  five  years.  However,  the  averages  for  the  five  years 
tend  to  smooth  out  differences  due  to  seasonal  factors  and  are, 
therefore,  a  more  accurate  index  to  the  general  trend  of  costs  and 
profits. 

An  examination  of  the  table  shows  that  Vineyards  R  and  S  have 
given  a  considerably  higher  return  both  per  acre  and  per  ton  of 
grapes  than  Vineyard  E  altho  the  latter  was  operated  at  a  lower 
cost  per  acre  than  the  other  two.  However,  the  higher  yields  secured 
in  Vineyards  R  and  S,  due  largely  to  improved  tillage  and  fertility 
practices,  have  overcome  the  increased  cost  of  production  in  these 
vineyards.  Also,  Vineyards  R  and  S  are  relatively  small  acreages 
as  compared  with  Vineyard  E  and  probably  represent  more  uniform 
soil  conditions.  Without  doubt  soQ  irregularities  frequency  render 
vineyards  unprofitable. 

Many  vineyards  in  this  region  are  operated  at  costs 

Possibilities    equal  to  those  of  Vineyards  R  and  S  and  return 

in  other       as  large  or  even  larger  profits,  but  most  of  the 

vineyards     acreage  in  this  section  is  maintained  at  less  expense 

and  gives  a  return  corresponding  more  nearly  to 
that  realized  from  Vineyard  E.  The  question  naturally  follows  as 
to  whether  these  plantings  can  be  made  as  profitable  as  Vineyards 
R  and  S;  but  in  view  of  the  fact  that  many  of  them  are  situated 
on  soils  unsuited  to  grape  growing,  while  others  indude  areas  that 
never  can  be  made  profitable,  it  is  doubtful  if  they  will  ever  attain 
that  level. 

The  three  vineyards  imder  observation  have  been  improving, 
or  at  least  holding  their  own,  but  the  great  majority  of  vineyards 
in  this  region  have  been  slowly  but  surely  declining,  altiio  vineyards 
on  the  better  soil  types  can  probably  be  made  to  produce  larger 
and  more  uniform  crops. 

It  is  concluded  from  these  studies  that  tmder  intensive  manage- 
ment grape  growing  in  the  Chautauqua  and  Lake  Erie  fruit  t^t 
can  be  made  profitable  even  with  the  present  high  cost  of  labor 
and  supplies  if  the  selling  price  of  the  crop  can  be  maintained  at 
or  near  the  level  of  the  1918  and  1919  seasons. 
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Yeably  Maximum  and  Minibcum  Temfisratubes  from  1883  to  1920, 

Inclusive 

(Sgfaest  and  Lowwt  Reoord  for  tb»  Tma  in  Heavy  T^pe) 


Ybab 


1883. 
18S4. 
1885. 
1886. 
1887. 
1888. 
1889. 
1890. 
1891. 
1892. 
1893. 
1894. 
1896* 
1896. 
1897. 
1898. 
1899. 
1900. 
1901. 
1902. 

1903. 
1904. 
1905. 
1906. 
1907. 
1908. 
1909. 
1910. 
1911. 
1912. 
1913. 
1914. 
1915. 
1916. 
1917. 
1918. 
1919. 
1920. 


MAxnnni  tob  kach  tbab 


Date 


Aug.  23 

Aug.  20.-. 

July  18 

July     7 

July     3 

June  23 

May  18 

Aug.    4 

June  16 

July  29 

July  26 

July  21 

June    3 

Aug.     6  and  7 

Sept.  11 

July     4 

July     4  and  Aug.  20. 

Aug.     1 

July     1 

M^  24,  July  14  and 
27,  August  31  and 
Sept.  1 

July     9 

July  19 

Aug.  10 

Aug.    6 

Aug.  12 

Aug.    4 

Aug.    8 

July     9 

July     6 

Sept    6 

Aug.  17 

Aug.    9 

Sept  14 

Aug.  22 

July  31,  Aug.  1  &2.. 

Aug.  13  A  14 

June    3 

June  29 


Temp. 


92. 

95. 

90.5 

95. 

95.5 

94.1 

91.8 

96.2 

95. 

96.3 

95.5 

97. 

96. 

96. 

98. 

96.5 

97.5 

97. 

97.5 


90. 

94. 

93. 

93. 

93. 

96.5 

95. 

98. 

96.5 
105. 

95. 

98. 

94. 

93. 
101. 

96. 

98. 

96. 

94. 


MximcnM  pob  bach  tbab 


Date 


Jan.   11 

Dec.  20 

Feb.  11 

Jan.   13 

Jan.   19 

Feb.  10 

Feb.    4  and  24,... 

Mar.    8 

Feb.  15 

Jan.   10 

Jan.   11 

Feb.  27 

Feb.     8 

Feb.  17 

Jan.   20 

Jan.   30  and  31 ... . 

Feb.  11 

Feb.  27 

Feb.  24 

Dec.    9 

Feb.  18  and  Dec.  19 

Feb.  16 

Feb.     5  and  14 

Feb.     6  and  7 

Jan.   24 

Jan.     2  and  5 

Jan.   19 

Jan.     5 

Jan.     5 

Jan.   14 

Feb.  10 

Feb.  13  and  24 

Jan.   30 

Feb.  15 

Dec.  30 

Feb.     5 

Deo.  18 

Jan.   31  and  Feb.  1 . 


Temp. 


•9. 

•15.6 

-11.5 

•18.7 

-8. 

-7. 

-  7. 

2. 

2.6 
-6. 
-6. 
-S.tf 
-14. 
•21. 
-3.0 
-4. 
-8. 

0. 

2.U 


-  5. 

•  4. 

-18. 

-  6. 

■  7. 
-18. 
-14. 

•  7. 

•  8. 

-  1. 
-12. 
■10. 
-14. 

■  3. 

-  8. 
■18. 
-11. 

-  6. 
-16. 


*  Data  from  record  kept  by  Mr.  Edgar  Parker;  Station  record  not  available. 
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Agronomy,  report  of  department  of 2S 

Work  of  division  of 9 

Anderson,  R.  J.,  concerning  inosite  phosphoric  adds 259 

Aninud  industry,  work  of  division  of 11 

ArUhonatnuB  quadrigil)bu9  Say,  injury  and  control  on  apple 376 

Anthony,  R.  D.,  asexual  inheritance  in  the  violet  ( Viola  odorata) 444 

Aphis  $orbi  Kalt.,  injury  and  control  on  apple 377 

Apple  nursery  stock,  fertilizer  experiments  with 89,  553 

Apple  worms,  late,  injury  and  control 371 

Apples,  activities  of  insects  on,  after  harvest 385 

Defects  confused  with  insect  injuries 381 

Description  of  insect  injuries  on,  and  their  prevention 362 

Directions  for  spraying 392 

Effect  of  insect  injuries  on  keeping  qualities  of 391 

Effect  of  insect  injuries  on  yield 391 

Fertiliser  experiments  with 69,  548 

Grading,  insect  injuries  in  relation  to 20,  357 

E^  for  identification  of  insect  injuries  to 359 

Spray  deposits  on 384 

Appropriations,  July  1, 1920 6 

Arehips  argyroapUa  Walker,  injury  and  control  on  apple 370 

Aspidiotua  pemieionu  Comstock,  injury  and  control  on  apple 378 

B 

Babcock  glassware,  testing  in  1920 15 

Bacteria,  accuracy  of  counting  in  milk  samples 144 

Comparison  of  plate  and  direct  methods  of  counting 144 

Methods  of  counting : . .  148 

Pure  culture  studies  of 14 

Bacteriology,  report  of  department  of 117 

Work  of  division  of 13 

Baker,  J.  C,  reaction  of  milk  in  relation  to  the  presence  of  blood  cells  and  of 

specific  bacterial  infections  of  the  udder 239 

Bibliography,  f ertihcer  experiments  with  fruit 100 

Organic  phosphorus  compoimds 275 

Biochemistry,  report  of  department  of 257 

Work  of  division  of 16 

Botany,  report  of  department  of 279 

Work  of  division  of 16 
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Resignation  of 4 
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Bulletins  reprinted,  complete,  No.  471,  339;  No.  472,  119;  No.  473,  27;  No.  474, 
281;  No.  475,  357;  No.  476,  311;  No.  477,  52;  No.  478, 103;  No.  479,  413; 

No.  483 3 

Popular,  No.  472, 503;  No.  473, 514;  No.  474, 530;  No.  476, 534;  No.  477, 547; 

No.  479 566 

Technical,  No.  75,  144;  No.  76,  444;  No.  77,  395;  No.  78,  349;  No.  79,  259; 
No.  80 239 

C 
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Director,  report  of 3 
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Fertilizer  experiments,  account  of,  on  different  soils 27 

Orchard,  sources  of  error  in 63 
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